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1. 


PREFACE  TO  THE  THIRTEENTH  EDITION. 


In  the  preparation  of  a  new  edition  of  this  Handbook  the  Authors 
have  endeavored  to  furnish  the  student  with  an  account  of  Physiology 
brought  up  as  far  as  possible  to  the  present  time.  The  account  does 
not  profess  to  be  exhaustive,  but  it  is  one  upon  which,  they  venture  to 
think,  a  knowledge  of  Physiology  may  be  safely  based. 

The  whole  book  has  undergone  a  very  thorough  revision,  and  the 
scope  of  the  work  has  been  to  some  extent  enlarged.  The  Authors  have, 
however,  kept  constantly  in  view  the  fact  that  the  medical  student, 
for  whom  the  book  is  specially  intended,  studies  Physiology  only  as  an 
introduction  to  Medicine,  and  does  not  require  such  minute  detail  as 
would  be  necessary  for  one  whose  sole  object  of  study  is  Physiology. 

It  would  be  out  of  place  to  mention  the  names  of  all  the  important 
works  dealing  with  the  subject  of  Physiology  in  its  various  branches, 
of  which  free  use  has  been  made  in  preparing  the  present  edition,  but 
the  Authors  would  specially  desire  to  record  their  obligation  to  those 
(text-books  and  monographs)  of  Professors  M.  Foster,  Schafer,  Halli- 
burton, Stohr,  Cadiat,  McKendrick^  Sherrington,  Mott,  and  Waller. 
They  would  also  tender  their  thanks  to  their  colleagues  Dr.  Qow  and 
Mr.  Paterson,  for  revising  respectively  the  chapters  on  Generation  and 
on  the  Teeth;  to  Dr.  Cautley,  for  kindly  reading  through  the  chief 
portion  of  the  proof  sheets,  and  to  Professor  Lowne  for  several  sugges- 
tions and  corrections. 

Mr.  Danielsson  has  undertaken  and  carried  out  with  much  skill  the 
whole  of  the  new  illustrations. 

W.  MORRANT  BAKER. 
VINCENT  D.  HARRIS. 

WiMPOLE  Street,  W., 
August,  1892. 
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CHAPTER  I. 

THE  PHENOMENA  OF  LIFE. 

Human  Physiology  is  the  science  which  treats  of  the  various  pro- 
cesses or  changes  which  take  place  during  life  in  the  organs  and  tissues 
of  the  body  of  man.  These  processes,  however,  must  not  be  considered 
as  by  any  means  peculiar  to  the  human  organism  since,  putting  aside 
the  properties  which  serve  to  distinguish  man  from  other  animals,  us 
well  as  those  which  mark  out  one  animal  from  another,  the  changes 
which  go  on  in  the  tissues  of  man  go  on  much  in  the  same  way  in  the 
tissues  of  all  other  animals  as  long  as  they  live.  Furthermore  it  is 
found  that  similar  changes  proceed  in  all  living  vegetable  tissues;  they 
indeed  constitute  what  are  called  vital  phenomena,  and  are  those  proper- 
ties which  mark  out  living  from  non-living  material. 

The  lowest  types  of  life,  whether  animal  or  vegetable,  are  found  to 
consist  of  minute  masses  of  a  jelly-like  substance,  which  is  now  gener- 
ally known  under  the  name  of  protoplasm.  Each  such  minute  mass  is 
called  a  cell,  so  that  these  minute  elementary  organisms  are  designated 
unicellular.  Not  only  is  it  true  that  the  lowest  types  of  life  are  made 
up  of  protoplasm,  but  it  has  also  been  shown  that  the  tissues  of  which 
the  most  complex  organisms  are  composed  consist  of  protoplasmic  cells. 

Thus,  for  example,  the  liuman  body  can  be  shown  by  dissection  to 
be  constructed  of  various  dissimilar  parts,  bones,  muscles,  brain,  heart, 
lungs,  intestines,  etc.,  and  these  on  more  minute  examination  with  the 
aid  of  the  microscope,  are  found  to  be  composed  of  different  tissues, 
such  as  epithelial,  connective,  nervous,  muscular,  and  the  like.  Each  of 
these  tissues  is  made  up  of  cells  or  of  their  altered  equivalents.  Again, 
we  are  taught  by  Embryology,  the  science  which  treats  of  the  growth 
and  structure  of  organisms  from  their  first  coming  into  being,  that  the 
human  body,  made  up  of  all  these  dissimilar  structures,  commenced  its 
life  as  a  minute  cell  or  ovum  (fig.  2)  about  y^iyth  of  an  inch  in  diame- 
ter, consisting  of  a  spherical  mass  of  protoplasm  in  the  midst  of  which 
was  contained  a  smaller  spherical  body,  the  nucleus  or  yerminal  vesicle, 
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The  phenomena  of  life  then  are  exhibited  in  cells,  whether  existing 
alone  or  developed  into  the  organs  and  tissues  of  animals  and  plants. 
It  must  be  at  once  evident  that  a  correct  knowledge  of  the  nature  and 
activities  of  the  cell  forms  the  very  foundation  of  physiology;  cells 
being,  in  fact,  physiological  no  less  than  morphological  units. 

The  prime  importance  of  the  cell  as  an  element  of  structure  was  first 
established  by  the  researches  of  the  botanist  Schleiden,  and  his  conclu- 
sions, drawnr  from  the  study  of  vegetable  histology,  were  at  once  ex- 
tended by  Theodor  Schwann  to  the  animal 
kingdom.  The  earlier  observers  defined  a  cell 
spao«?coo'  *8  *  more  or  less  spherical  body  limited  by  a 
Uqldd.^       membrane,  and    containing    a    smaller   body 
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T\g.  1.— Vegetable  cells. 
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Fig.  3.— Semidiagrammatlc  representation  of  a  human 
ovum,  showing  uie  parts  of  an  animal  celL    (Cadiat.) 


termed,  a  nucleus,  which  in  its  turn  incloses  one  or  more  still  smaller 
bodies  or  nucleoli.  Such  a  definition  applied  admirably  to  most  vege- 
table cells,  but  the  more  extended  investigation  of  animal  tissues  soon 
showed  that  in  many  cases  no  limiting  membrane  or  cell-wall  could  be 
demonstrated. 

The  presence  or  absence  of  a  cell-wall,  therefore,  was  now  regarded 
as  quite  a  secondary  matter,  while  at  the  same  time  the  cell-substance 
came  gradually  to  be  recognized  as  of  primary  importance.  Many  of 
the  lower  forms  of  animal  life,  e.^.,  the  Khizopoda,  were  found  to  con- 
sist almost  entirely  of  matter  very  similar  in  appearance  and  chemical 
composition  to  the  cell-substance  of  higher  forms;  and  this  from  its 
chemical  resemblance  to  flesh  was  termed  Sarcode  by  Dujardin.  When 
recognized  in  vegetable  cells  it  was  called  Protoplasm  by  Mulder,  while 
Hemak  applied  the  same  name  to  the  substance  of  animal  cells.  As  the 
presumed  formative  matter  in  animal  tissues  it  was  termed  Blastetna, 
and  in  the  belief  that,  wherever  found,  it  alone  of  all  substances  has  to 
do  with  generation  and  nutrition,  Beale  has  named  it  Oerminal  matter 
or  Bioplasm.  Of  these  terms  the  one  most  in  vogue  at  the  present  day, 
as  we  have  already  said,  is  Protoplasm,  and  inasmuch  as  all  life,  both  in 
the  animal  and  vegetable  kingdoms,  is  associated  with  protoplasm,  we 
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are  Justified  in  describing  it»  with  Huxley,  us  the  "physical  basis  of 
life/'  or  dimply  *'  living  jiiutter/' 

A  cell  may  now  be  defiuod  us  u  futdeuted  muss  of  protopliLgni,  of 
aicroseopic  sixc*,  varying  in  the  huTwun  body  frnm  the  red  blood- cell 
rhich  is  about  ^^^^  of  an  inch  in  diuuieter  to  the  ganglion  cell,  3 Jo  of 
an  iticb,  which  possesses  sufiicient  individuality  to  havi^  a  lile-history  of 
its  own.  Each  cell  goes  through  the  mme  cycle  of  changes  as  the  whole 
organism,  though  doubtless  in  a  much  shorter  time.  Beginning  witli 
ils  origin  from  some  pre-existing  cell,  it  grows,  produces  other  cells,  and 
finally  dies.  It  is  tnie  that  several  lower  forms  of  life  consist  of  non* 
nncieiited  protoplasm,  but  the  above  definition  holds  good  for  all  the 
higher  plants  and  animak. 


Properties  of  Protoplasm. 


EProtopl^m  is  a  semi-fluid  substance,  which  swells  up  but  does  not 
iiiiJ[  with  water.  It  is  transparent  and  generally  colorless,  with  refrac- 
tive index  higher  than  that  of  water  but  lower  than  that  of  olL  It  is 
nentral  or  weakly  alkaline  in  reaction,  but  may  under  special  circnm- 
ikaaoefl  be  acid,  as,  for  example,  after  activity.  It  undergoes  stiffening 
or  coagulation  at  a  temperature  of  about  54.5°  C.  (130''  F,),  and  hence 
no  organism  can  live  wlien  its  own  tempcnitore  is  niised  above  that 
t  point;  it  is  also  coagulated  and  therefore  killed  by  alcohol,  by  solutiona 

of  many  of  the  metallic  salts,  by  strong  acids  and  alkalies,  and  by  many 
other  substances* 

Under  the  microscope  it  is  seen  almost  universally  to  be  granular, 
the  granules  consisting  of  different  substances,  either  albuminous,  or 
fatty  matters,  or  more  rarely  of  inorganic  salts.  The  grunules  are  not 
eqoally  distributed  throughout  the  whole  cell-mass,  as  they  are  some- 
times absent  from  the  outer  part  or  layer,  and  very  numerous  in  the 
interior.  The  granules  may  exhibit  an  irregular  shaking,  dancing  move- 
ment, which  is  not  vital  and  is  known  as  the  Hrowniati  movement.  In 
a^ldition  to  granules,  protoplasm  generully  exhibits  spaces  or  vacuoles, 
generally  globular  in  shape,  excepting  during  movement  when  they  may 
V  be  irregular,  filled  with  a  watery  tluid.  These  vacuoles  are  more  numer- 
■  ous  and  pronounced  in  vegetable  than  in  aninuil  cells.  Gas  bubbles  also 
sometimes  exist  in  cells. 

it  is  inijiossible  to  make  any  definite  statement  as  to  the  exact  chem- 
ical composition  of  living  protoplasm,  since  the  methods  of  chemical 
analysis  necessjirily  imply  the  death  of  the  cell;  it  is,  however,  stated 
that  protoplasm  contains  80  to  85  per  cent  of  water,  and  of  the  15  to  20 
per  cent  of  solids,  the  most  important  part  belongs  to  the  class  of  sub- 
stances called  prttfeids  or  albumins.  These  are  bodies  wjiich  contain 
the  chemical  elements,  carbon,  hydrogen,  nitrogen,  oxygen,  and  sulphur, 
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in  certain  slightly  varying  but  arbitrary  proportions  in  the  molecule> 
and  which  react  to  certain  chemical  tests  which  will  be  enumerated 
later  on.  A  certain  amount  of  proteid  at  any  rate  is  essential  to  the 
composition  of  protoplasm.  Associated  with  the  proteid  substances 
other  bodies  are  frequently  present,  such  as  glycogen,  starchy  and  cellu^ 
lose,  each  of  which  contains  the  elements  carbon,  hydrogen,  and  oxygen, 
the  last  two  in  the  proportion  to  form  water,  and  hence  are  termed 
carbohydrates,  the  carbon  in  the  molecule  being  either  six  or  a  multiple 
of  six;  chlorophyll,  the  coloring  matter  of  plants;  fatty  bodies  contain- 
ing carbon,  hydrogen,  and  oxygen,  but  not  combined  in  the  same  pro- 
portion as  in  carbohydrates;  iBcUhin,  a  complicated  fatty  body  contain- 
ing phosphorus;  aeriskm  ferments  and  other  substances. 

The  vital  or  physiological  characteristics  of  protoplasm  may  be 
well  studied  in  the  microscopic  animal  called  the  amoeba,  a  unicellular 
organism  found  chiefly  in  fresh  water,  but  also  in  the  sea  and  in  damp 


Fij?.  8.— AmcBbip, 

earth.  These  properties  may  be  conveniently  studied  under  the  follow- 
ing heads : — . 

1.  The  Power  of  Spontaneous  Movement. — When  an  amoeba  is  ob- 
served with  a  high  power  of  the  microscope,  it  is  found  to  consist  of  an 
irregular  mass  of  protoplasm  probably  containing  one  or  more  nuclei, 
the  protoplasm  itself  being  more  or  less  granular  and  vacuolated.  If 
watched  for  a  minute  or  two,  an  irregular  projection  is  seen  to  be  grad- 
ually thrust  oat  from  tbe  main  body  and  retracted;  a  second  mass  is 
then  protruded  in  another  direction,  and  gradually  the  whole  proto- 
plasmic substance  is,  as  it  were,  drawn  into  it.  The  amoeba  thus  comes 
to  occupy  a  new  position,  and  when  this  is  repeated  several  times  we 
have  locomotion  in  a  definite  direction,  together  with  a  continual  change 
of  form.  These  movements,  when  observed  in  other  cells,  such  as  the 
colorless  blood-corpuscles  of  higher  animals  (fig.  2),  in  the  branched 
cornea  cells  of  the  frog  and  elsewhere,  are  hence  termed  amoeboid. 

The  remarkable  movement  of  pigment  granules  observed  in  the 
branched  pigment  cells  of  the  frog's  skin  by  Lister  are  also  probably 
due  to  amoeboid  movement.  These  granules  are  seen  at  one  time  distrib- 
uted uniformly  through  the  body  and  branched  processes  of  the  cell, 
while  at  anpther  time  they  collect  in  the  central  mass  leaving  the 
branches  quite  colorless. 
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This  movement  within  the  pigment  cells  might  also  be  considered 
an  example  of  the  so-04illed  streumiuy  movement  not  infrequently  seen 
in  certiiin  of  the  protozoa,  in  which  ilie  mass  of  protophism  extends 
long  and  fine  processes,  themselves  very  little  movable,  but  upon  the 
surface  of  which  freely  moving  or  streaming  grannies  are  seen.  A  glid' 
ing  movement  has  also  been  noticed  in  certain  animal  cells;  the  motile 
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part  of  the  cell  being  composed  of  protoplasm  bounding  a  central  and 
more  compact  mass.  By  means  of  the  free  movement  of  this  layer, 
the  cell  may  be  observed  to  move  along. 

In  vegetable  cells  the  protoplasmic  movement  can  be  well  seen  in 
the  hairs  of  the  stinging- nettle  and  Trudescantia  and  the  cells  of  Vallis- 
neriaand  Chara;  it  is  marked  by  the  movement  of  the  granules  nearly 
always  imbedded  in  it.  For  example,  if  part  of  a  hair  of  Tnidescantia 
(fig.  5)  be  viewed  under  a  high  magnifying  power,  streams  of  proto- 
plasm cont^iining  crowds  of  gmnulc!:^  Imrrying  along,  like  the  foot- 
passengers  in  a  busy  street,  are  seen  flowing  steadily  in  definite  direc- 
tions, some  coursing  round  the  film  whicli  lines  the  interior  of  the  cell- 
wall,  and  others  flowing  toward  or  away  from  the  irregular  mass  in  the 
centre  of  the  cell-cavity.     Many  of  these  streams  of  protoplasm  run 
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together  into  larger  ones  and  are  lost  in  the  central  mass,  and  thns 
ceaseless  variations  of  form  are  produced.  The  movement  of  the  pro- 
toplasmic granules  to  or  from  the  periphery  is  sometimes  called  vegeta- 
ble rirrnlntwn,  whereas  the  movement  of  the  protoplasm  round  the  in- 
terior of  the  cell  is  called  roitdion. 

The  first  account  of  the  movement  of  protoplasm  was  given  by 
Kosel  in  1755,  as  occurring  in  a  small  Proteus,  probably  a  large  fresh- 
w^ater  ama^ba.     His  description  was   followed   twenty  years   later   by 
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Corti'8  demonBtration  of  the  rotation  of  the  cell  sap  in  characesB,  and  in 
the  earlier  part  of  the  century  by  Meyer  in  Vallisneria,  1827;  Robert 
Brown,  1831,  in  "  Staminal  Hairs  of  Tradescantia/'  Then  came  Dujar- 
din's  description  of  the  granular  streaming  in  the  pseudopodia  of  Bhizo- 
pods  and  movement  in  other  cells  of  animal  protoplasm  (Planarian  eggs, 
V.  Siebold,  1841;  colorless  blood-corpuscles,  Wharton  Jones,  1846). 

2.  The  Power  of  Respoyise  to  Stimuli,  or  Irritability. — Although  the 
movements  of  the  amoeba  have  been  described  above  as  spontaneous,  yet 
they  may  be  increased  under  the  action  of  external  agencies  which 
excite  them  and  are  therefore  called  stirnuli,  and  if  the  movement  has 
ceased  for  the  time,  as  is  the  case  if  the  temperature  is  lowered  beyond 
a  certain  point,  movement  may  be  set  up  by  raising  the  temperature* 
Again,  contact  with  foreign  bodies,  gentle  pressure,  certain  salts,  and 
electricity,  produce  or  increase  the  movement  in  the  amoeba.  The  pro- 
toplasm is,  therefore,  sensitive  or  irritable  to  stimuli,  and  shows  its  irri- 
tability by  movement  or  contraction  of  its  mass. 

The  effects  of  some  of  these  stimuli  may  be  thus  further  detailed: — 

a.  Clianges  of  Tetnperature, — Moderate  heat  acts  as  a  stimulant;  the 
movement  stops  below  0°  C.  (32°  F.),  and  above  40°  C.  (104°  P.);  be- 
tween these  two  points  the  movements  increase  in  activity;  the  optimum 
temperature  is  about  37°  to  38°  C.  Exposure  to  a  temperature  even 
below  0°  C.  stops  the  movement  of  protoplasm,  but  does  not  prevent  its 
reappearance  if  the  temperature  is  raised;  on  the  other  hand,  prolonged 
exposure  to  a  temperature  of  over  40°  C.  altogether  kills  the  protoplasm 
and  causes  it  to  enter  into  a  condition  of  coagulation  or  heat  rigor, 

b.  Mechanical  Stimuli. — When  gently  squeezed  between  a  cover  and 
object-glass  under  proper  conditions,  a  colorless  blood-corpuscle  is  stim- 
ulated to  active  amcBboid  movement. 

c.  Nerve  Influence. — By  stimulation  of  the  nerves  of  the  frog's  cornea, 
contraction  of  certain  of  its  branched  cells  has  been  produced. 

d.  Chemical  Stimuli. — Water  generally  stops  amoeboid  movement, 
and  by  imbibition  causes  great  swelling  and  finally  bursting  of  the  cells. 
In  some  cases,  however  (rayxomycetes),  protoplasm  can  be  almost  en- 
tirely dried  up,  but  remains  capable  of  renewing  its  movements  when 
again  moistened.  Dilute  salt-solution  and  many  dilute  acids  and  alka- 
lies stimulate  the  movements  temporarily.  Strong  acids  or  alkalies 
permanently  stop  the  movements;  ether,  chloroform,  veratria,  and  qui- 
nine also  stop  it  for  a  time. 

Movement  is  suspended  in  an  atmosphere  of  hydrogen  or  carbonic 
acid  and  resumed  on  the  admission  of  air  or  oxygen,  but  complete  with- 
drawal of  oxygen  will  after  a  time  kill  the  protoplasm. 

e.  Electrical. — Weak  currents  stimulate  the  movement,  while  strong 
currents  cause  the  cells  to  assume  a  spherical  form  and  to  become 
motionless. 
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3,  TJw  Power  of  Di(festion,  Respiration,  and  Xuirition. — This  con- 
in  the  power  which  is  possessed  by  the  umciiba  and  eimihir  unimid 

taking  in  food,  modifying  it,  building  up  tissue  by  ussirailating 
rejecting  what  is  not  assimilated.  These  VHrious  processes  nre 
effected  by  the  protoplasm  simply  flowing  round  and  inclosing  within 
itself  minute  organisms  such  as  diatoms  and  the  like,  from  whicli  it 
extracts  what  it  requires,  and  then  rejects  or  excn-Jcs  the  remainder, 
which  has  never  formed  part  of  the  body.  This  latter  proceeding  is 
done  by  the  cell  withdrawing  itself  from  the  material  to  bo  excreted* 
The  assimilation  constantly  taking  place  in  the  body  of  the  amoeba,  is 
for  the  purpose  of  replacing  waste  of  its  tissue  consequent  upon  mani- 
festation of  energ}'.  The  respiratory  process 
of  absorbing  oxygen  gocis  on  at  the  same  time. 

The  processes  which  take  place  in  cells, 
both  animal  and  vegetable,  are  summed  up 
ander  the  term  vietabidism  (from  p-traiStthi, 
change).  The  changes  which  go  on  are  of 
twokinds^  viz.,  msimiiafion^  or  buil<Iing  up, 
and  dismaimilaUofK  or  breaking  down ;  they 
may  be  also  caDed  composition  or  decom- 
position, or,  using  the  nomenclature  of  Gas- 
kell,  anabtjli^n  or  constructive  metabolism, 
and  kaiaboliwi  or  destructive  metabolism. 
In  the  direction  of  anabolism  two  processes 
occar,  viz.,  the  building  up  of  materials  which 
it  takes  in,  and  secondly,  the  building  up  of 
its  own  substance  by  those  or  other  mate- 
rials- As  we  shall  see  in  a  subsequent  para- 
graph, the  process  of  anabolistu  differs  to 
some  extent  in  vegetable  and  animal  cells. 
The  kataboH&m  of  the  cell  consists  in  chem- 
ical cL'inges  which  occur  in  the  cell-substance  itself,  or  in  substances 
in  contact  with  it. 

The  destructive  metabolism  of  a  cell  is  increased  by  its  activity,  but 
goes  on  also  during  quiescence.  It  is  probably  of  the  nature  of  oxida- 
tion, and  results  in  the  evolution  of  carbonic  anhydride  and  water  on 
the  one  hand,  and  in  the  fornmtion  of  various  subetunces  on  the  other, 
some  of  which  may  be  stored  up  in  the  cell  for  future  use,  and  are 
called  secretions,  and  others,  like  the  carbonic  anhydride  and  certain 
bodies  C4>ntaining  nitrogen,  are  eliminated  as  excretions, 

4.  The  Power  of  Growth.— In  protoplasm  then,  it  is  seen  that  the 
two  processes  of  waste  and  repair  go  on  side  by  sideband  as  long  as  they 
are  equal  the  size  of  the  aiiinud  remains  stationary.  If,  however,  the 
hoilding  up  exceed  the  waste,  then  tlie  animal  grown  ;  if  the  waste  ex- 
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ceed  the  repair,  the  animal  decays;  and  if  decay  go  on  beyond  a  certain 
point,  life  becomes  impossible,  and  the  animal  dies. 

Growth,  or  the  inherent  power  of  increasing  in  size,  although  essen- 
tial to  oar  idea  of  life,  is  not,  it  must  be  recollected,  confined  to  living 
beings.  A  crystal  of  common  salt,  for  example,  if  placed  under  appro- 
priate conditions  for  obtaining  fresh  material,  will  grow  in  a  fashion  as 
definitely  characteristic  and  as  easily  to  be  foretold  as  that  of  a  living 
creature ;  but  the  growth  of  a  crystal  takes  place  merely  by  additions 
to  its  outside;  the  new  matter  is  laid  on  particle  by  particle,  and  layer 
by  layer,  and,  when  once  laid  on,  it  remains  unchanged.  In  a  living 
structure,  where  growth  occurs,  it  is  by  addition  of  new  matter,  not  to 
the  surface  only,  but  throughout  every  part  of  the  mass. 

Again,  all  living  structures  are  subject  to  constant  decay.  Thus,  a 
man's  body  is  not  composed  of  exactly  the  same  particles  day  after  day, 
although  to  all  intents  he  remains  the  same  individual.  Almost  every 
part  is  changed  by  degrees;  but  the  change  is  so  gradual,  and  the  re- 
newal of  that  which  is  lost  so  exact,  that  no  difference  may  be  noticed, 
except  at  long  intervals  of  time.  A  lifeless  structure,  as  a  crystal,  is 
subject  to  no  such  laws;  neither  decay  nor  repair  is  a  necessary  condi- 
tion of  its  existence.  That  which  is  true  of  structures  which  never  had 
to  do  with  life  is  true  also  with  respect  to  those  which,  although  they 
are  formed  by  living  parts,  are  not  themselves  alive.  Thus,  an  oyster- 
shell  is  formed  by  the  living  animal  which  it  incloses,  but  it  is  as  lifeless 
as  any  other  mass  of  inorganic  matter;  and  in  accordance  with  this 
circumstance  its  growth  takes  place  layer  by  layer,  and  it  is  not  subject 
to  constant  decay  and  reconstruction.  The  hair  and  nails  are  examples 
of  the  same  fact. 

In  connection,  too,  with  the  growth  of  lifeless  masses  there  is  no 
alteration  in  the  chemical  composition  of  the  material  which  is  taken 
up  and  added  to  the  previously  existing  mass.  For  example,  when  a 
crystal  of  common  salt  grows  on  being  placed  in  a  fluid  which  contains 
the  same  material,  the  properties  of  the  salt  are  not  changed  by  being 
taken  out  of  the  liquid  by  the  crystal  and  added  to  its  surface  in  a  solid 
form.  But  the  case  is  essentially  different  in  living  beings,  both  animal 
and  vegetable,  as  the  materials  which  serve  ultimately  to  build  them 
up  are  much  altered  before  they  are  finally  assimilated  by  the  structures 
they  are  destined  to  nourish. 

The  growth  of  all  living  things  has  a  definite  limit,  and  the  law 
which  governs  this  limitation  of  increase  in  size  is  so  invariable  that  we 
should  be  as  much  astonished  to  find  an  individual  plant  or  animal 
without  limit  as  to  growth  as  without  limit  to  life. 

5.  The  Power  of  Reproduction, — The  amoeba,  to  return  to  our  former 
illustration,  when  the  growth  of  its  protoplasm  has  reached  a  certain 
point,  manifests  the  power  of  reproduction,  by  splitting  up  into  (or  in 
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some  other  way  producing)  two  or  more  parts,  each  of  which  is  capable 
of  indejveDdent  existence,  Tlie  new  amojbae  munifest  the  same  proper- 
tics  ii€  their  parent,  perform  the  sunie  functions,  grow  and  reproduce  in 
their  turn.     This  cycle  of  life  i8  bei?ig  continually  passed  through. 

In  more  complicated  structures  than  the  amuBba,  the  life  of  indi- 
Tidual  protoplasmic  cells  is  probably  very  short  in  comparison  with  that 
of  the  organism  they  compose;  and  their  constant  decay  and  death 
necessitate  constant  reproduction. 

The  mode  in  which  this  takes  place  has  long  been  the  subject  of 
great  controversy. 

It  is  now  very  generally  believed  that  every  cell  is  descended  from 
some  pre-existing  (mother-)  cell*    This  derivation  of  cells  from  cells 


rriif.  ".—Diagram  of  An  ovutn  fo)  iindtTprnlng  uegrmentAtlnrn— Id  (h)  a  has  divided  Into  two,  la 
{c}  Into  four;  And  hi  (cli  tbe  procem  has  ende^l  In  the  productioti  of  tlie  so  ealle<i  *'  mulberrj  i 
tak( 
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takes  place  by  (1)  (jemmitlion,  which  essentially  consists  in  the  budding 
off  and  separation  of  a  portion  of  the  parent  cell;  or  (3)  fission  or  f/iri- 
iion. 

The  exact  manner  of  the  division  of  cells  is  a  matter  of  some  diffi- 
enlty,  and  wnll  not  be  deseribt'd  until  the  subject  of  the  structure  of 
protoplasmic  cells  has  been  considered. 


Structure  of  Protoplasmic  Cells. 


It  was  formerly  the  custom  to  consider  protoplasm  to  be  homogene- 
ous; it  w^as  so  described  by  Engelmann;  it  appears,  however,  that  this 
idea  requires  modification,  and  that  in  the  majority  of  cells,  if  uot  in 
every  cell,  two  parts  can  bo  made  out  in  the  protoplasm,  viz,,  a  fine 
network  or  spongework  of  fibrils  of  a  firmer  consistence  than  the  more 
fluid  ptirt  which  is  contained  within  its  interstices.  The  amount  of  the 
two  parts  in  each  cell  varies;  in  young  cells  the  more  fluiil  part  is  more 
developed,  and  as  time  goes  on  the  fibrillary  mesh  work  increases.  The 
in  tra-cellular  mesh  work  has  been  called  by  different  names, /jro/w/^/flwnia, 
reticulum,  or  sj^ugioplnsm^  while  the  more  fluid  substance  has  received 
the  immcs]w[rap!as}fifr,  eftrhtflemff,  or  htfahplaHm,  The  reticulum  is  more 
refractile  than  its  contents,  is  elastic  and  extensile,  has  an  affinity  for 
staining  reagents.     The  hyaloplasm  has  no  such  affinity. 

The  arrangement  of  the  retienluni  varies  considerably  in  different 
cells,  and  even  in  different  parts  of  the  sjime  cell  Sometimes,  for  ex- 
ample (tig,  8),  the  meshwork  has  an  elongated  radial  arrangement  from 
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the  nucleus  f  at  others,  the  mesh  work  is  more  eveuly  diapoaetl,  as  in 
fig«  9.  At  the  junctions  of  the  fibrils  there  are  usually  slight  enlarge- 
ments or  nodes. 

In  some  cells,  particularly  in  plants,  but  also  in  some  fijced  animal 
cellsj  such  as  compose  epithelial  membranes,  there  is  a  tendency  toward 


Membrane  of  cell 


Reticulum  of  oeU  ■*. 


.  Membrane  of  oadeitt. 


;p^      Achromatic  snbstanoe  of 
-"""*"    Qtideus. 

.^Chromatic  subfltaoce  of 
uuclieus. 


Tig,  8.^0elt  with  Its  reticulum  dJspoteil  radially :  from  the  Inteetliial  epitbeUum  of  a  worm. 

CCarooyO 

a  formatian  of  a  firmer  external  envelope,  constituting  in  vegetable  cells 
a  membrane  distinct  from  the  more  central  and  more  fluid  part  of  the 
protoplasm.  In  such  cases  the  reticulum  at  the  periphery  of  the  cell  is 
made  up  of  very  tine  meshes.  The  membrane  when  formed  is  usually 
pierced  with  pores  by  which  fluid  may  pass  in,  or  through  which  pro- 
trusion of  the  protoplasmic  filaments  forming  the  celPs  connection  with 
other  cells  surrounding  it  may  take  place. 

It  is  an  exceedingly  interesting  question  whether  in  cells  the  one 


nj?.  fl.— (A.)  The  colorU^sa  blwxi-cijrpiiscle  ahowfnff  the  Intrn-cMHInlar  oetworkr  aod  two  nueld 
flflth  latra-iiiuciear  network.  {b.>  Colorpd  hlcM:><ii'€niTnifte]e  of  neva  nhnvnUK  the  fntraHoeUular  net- 
work of  flbrll*.  AJao  oval  oudeua  compctseU  of  limlong  mein  brace  and  fine  ioira-auclear  network 
otmnhi.    X8W.    cKtelnandHobteBrnTth.) 


part  of  the  protoplasm  can  exist  without  the  other.  Schafer  summar- 
izes the  matter  thus  :—**  There  are  cells,  and  unicellular  organisms  both 
animal  and  vegetable,  in  which  no  reticular  structure  ciui  be  made  out, 
and  these  mai/  be  formed  of  hyaloplasm  alone.  In  that  case,  this  must 
be  looked  upon  us  the  essential  part  of  protoplasm.  So  far  as  amceboid 
phenomena  are  concerned  it  is  certainly  so;  but  whether  the  chemical 
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gC8  which  occur  in  many  cells  are  effected  by  this  or  by  spongio- 
plagm  is  another  matter." 

Another  question  about  which  there  is  some  difference  of  opinion  is, 
-whicb  part  of  the  protoplasm  is  chietij  contractile.  It  is  usually  con- 
cluded that  this  property  rests  in  the  mesh  work,  but  there  seems  a 
consiflerable  amount  of  evidence  in  favor  of  the  view  that  jiart  if  not 
all  of  the  contractility  resities  in  the  hyaloplasm;  for  example,  in  ania^- 
boid  cells  the  pseudopodial  protoplasm  are  certainly  made  of  Ibis  and 
not  of  spongioplasm,  and  when  the  corpuscle  is  stimulated  the  hyalo- 
plasm  flows  back  into  the  reticular  network.  If  the  view  that  the  hyiilo- 
liism  is  chiefly  contractile  be  a  correct  one,  the  special  condition  of  an 
id  cell  must  be  considered  to  be  condition  of  contraction,  and 
ing  out  of  the  process  to  be  relaxation. 

The  Cell  Nucleus. 


Nearly  all  cells  at  some  period  of  their  existence  possess  nuciei.    As 
been  incidentally  suggested  the  origin  of  a  nucleus  in  a  cell  is  the 
trace  of  the  differentiation  of  protoplasm^     The  existence  of  nuclei 
was  first  pointed  out  in  the  year  1833  by  Robert  Brown,  who  observed 

I  them  in  vegetable  cells.     They  are  either  small  transparent  vesicular 
bodies  oonttuning  one  or  more  smaller  particles  (nucleoli),  or  they  are 
•emi-solid  masses  of  protophism  always  in  the  resting  condition  bounde<l 
b|  a  well-defined  envelope.     In  their  relation  to  the  life  of  the  cell  they 
Ml  certainly  hardly  second  in  importance  to  the  protoplasm  itself,  and 
thus  beale  is  fully  justified  in  comprising  both  under  the  term  **  ger- 
minal matter.**     They  exhibit  their  vitality  by  initiating,  in  the  major- 
ity of  cases,  the  process  of  division  of  the  cell  into  two  or  more  cells 
I  (fission)  by  first  themselves  dividing.     Distinct  observations  have  been 
lade  showing  that  spontaneous  changes  of  form  may  occur  in  nuclei 
1  also  in  nucleoli. 

HistologiBts  have  long  recognized   nuclei  by  two  important  char- 
cters : — 

(1.)  Their  power  of  resisting  the  action  of  various  acids  and  alkalies, 

[piirticularly  acetic  acid,  by  which  their  outline  is  more  clearly  defined, 

[and  they  are  rendered  more  easily  visible.     This  indicates  some  chemi- 

difference  between  the  protoplasm  of  the  cells  and  nuclei,  as  the 

former  is  destroyed  by  these  reagents. 

(3.)  Their  quality  of  staining  in  solutions  of  carmine,  hsematoxylin, 
Nuclei  are  most  commonly  oval  or  round,  and  do  not  generally 
form  to  the  diverse  shapes  of  the  cells;  they  are  altogether  less  vari- 
able elements  than  cells,  even  in  regard  to  size,  of  whicli  fact  one  may 
see  a  good  example  in  the  uniformity  of  the  nuclei  in  cells  so  multiform 
those  of  epithelium.     But  sometimes  nuclei  appe^ir  to  occupy  tho 
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whole  of  the  cell^  as  is  the  case  in  the  lymph  corpuscles  of  lymphatic 
glands,  and  in  some  small  nerve  cells. 

Their  position  in  the  cell  is  very  variable.     In  many  cells,  especially 
where  active  growth  is  progressing,  two  or  more  nuclei  are  present. 


Structure  of  Nuclei. 

The  nucleus  when  in  a  condition  of  rest  is  bounded  by  a  distinct 
membrane,  possibly  derived  from  the  spongioplasm  of  the  cell.    Besides 


Node  of  meshwork 


Kode  of  meshwork  . 


N. 


.-S^  Nuclear  membrane. 
J^neiear  matrix. 


.Kueleaj'  meahwork. 


Fig.  10.— The  restinf^  nucleus— diagrammatic.    (Waldeyer.) 


the  membrane  the  nucleus  consists  of  two  parts,  viz.,  (1)  of  a  reticular 
network,  consisting  of  anastomosing  fibrils  made  up  according  to  Babl 
(fig.  10)  of  primary  and  thicker  fibres  and  thinner  connecting  branches. 
This  network  has  a  marked  affinity  for  staining  of  reagents  and  hence 
is  called  chromoplasm.  The  fibres  are  not  without  structure,  since  in 
certain  cases  they  have  been  shown  to  consist  of  minute  highly-refract- 
ing particles  which  stain  deeply  imbedded  in  a  regular  series  in  a  struc- 


^.«/ 


Fig.  11.— Diagram  of  nucleus  showing  the  arrangement  of  chief  chromatic  filaments.  ▲.  Viewed 
from  tne  side,  the  polar  end  being  uppermost,  p.c.f.,  Primanr  chromatic  filaments;  n.,  nucleolus; 
n.o.m.^  node  of  meshwork.  b.  Viewed  at  the  polar  end.  Ix.f.^  Looped  chromatic  filament;  iVm  i^* 
regular  filament.    (Rabl.) 

tureless  matrix  forming  the  filament,  the  former  being  called  chromatin 
and  the  latter  achromatin  from  their  respective  reaction  to  stains.  Ac- 
cording to  some  histologists,  nucleoli  are  the  mere  thickenings  of  the 
reticulum  at  the  nodes  or  junctions  of  the  fibrils,  but  others  consider 
them  to  be  distinct  rounded  bodies  free  from  the  meshwork. 

(2)  The  second  part  of  the  nuclear  contents  is  of  a  homogeneous 
material  rich  in  proteids  but  not  necessarily  fiuid,  which  fills  up  the 
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mesh  work,     Thia  material  has  but  elight  affinity  for  stains,  and  hence 
is  called  achromatic  substance  or  ntickar  matru\ 


Cell  Division, 

The  division  of  a  cell  is  preceded  by  division  of  its  nncleus*  Nuclear 
division  may  be  either  (1)  simph  or  direct^  which  consistB  in  the  simple 
exact  division  of  tlie  nucleus  into  two  equal  parts  by  constriction  in  the 
centre,  which  may  have  been  preceded  by  division  of  the  nucleoli;  or 
(2)  indirect  which  consists  in  a  series  of  changes  which  goes  on  in  the 
arningement  of  the  nuclear  reticulum,  resulting  in  the  exact  division  of 
the  chromatic  fibres  into  two  parts  which  form  the  chromoplasm  of  the 
danghter  nuclei. 

Indirect  division  is  called  I'aryakin^is  (xdpoov,  a  kernel),  or  mitotw 
(;i(T«*T>a  thread),  and  direct  division  is  called  amitotic  or  akimtic  {nivr^at^ 


^ 


Flir,  12.'KAr3'ok[oesl9.  a.  Ordiniuy  nucleus  of  n. columaor  epLtbetial  cett;  b,  c  ttonme  BtMtMHi 
iB  ttesta^  Of  con  !*«>/«  fum;  d,  the  vrtath  or  rotette  form;  B,  Uieiut<^.  or  Btni^le  stftr;  r,  mvwikamt 
ifiiadle  Croio  the  I>e8c«m«t'8  endottaeUum  of  the  trog's  cornea;  e.  s^  i.  diMtar;  s,  two  dftu^hter 
mtdeL    CKIeliL> 

movement).  It  is  now  believed  that  the  mitotic  nuclear  division  is  all 
but,  if  not  quite,  universal.  Somewhat  different  accounts  of  the  stages  of 
the  nuclear  division  have  been  given  by  different  authorities,  according 
to  the  kind  of  cell  in  which  the  nuclear  changes  have  been  studied.  The 
following  will  summarize  the  stages  of  karyokinesis  as  observed  by  Klein : 
The  nucleus  in  a  resting  condition,  i,e,,  before  any  changes  preceding 
division  occur,  consists  of  a  very  close  mesh  work  of  fibrils,  which  stain 
deeply  in  carmine,  embedded  in  protoplasm,  which  does  not  possess  this 
property,  the  whole  nucleus  being  contained  in  an  envelope.  The  first 
change  consists  of  a  slight  enlargement,  the  disappeaninoe  of  the  envel- 
ope and  the  increased  definition  and  thickness  of  the  nuclear  fibrils, 
which  are  also  more  sepamted  than  they  were  and  stain  betten  This  is 
^  the  stage  of  convalution  (fig.  II,  B,  c).     The  next  step  iu  the  process  is 
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the  arrangement  of  the  fibrils  into  some  definite  figure  by  an  alternate 
looping  in  and  out  around  a  central  space,  by  which  means  the  rosette  or 
wreath  stage  (fig.  12,  d)  is  reached.  The  loops  of  the  rosette  next  be- 
come divided  at  the  periphery  and  their  central  points  become  more 
angular,  so  that  the  fibrils  divided  into  portions  of  about  equal  length 
are,  as  it  were,  doubled  at  an  acute  angle,  and  radiate  V-shaped  from 
the  centre,  forming  a  star  (aster)  or  wheel  (fig.  12,  e),  or  perhaps  from 
two  centres,  in  which  case  a  double  star  (diaster)  results  (fig.  12,  G,  H, 


Achromatic  spiral 


Fig.  18.— Early  staKes  of  karyokinesis.  a.  The  thicker  primary  fibres  remain  and  the  achro- 
matic spindle  ai>i)ear8.  b.  The  thick  fibres  split  into  two  and  the  achromatic  spindle  becomes  longi- 
tudinal   (Waloeyer.) 

and  I).  After  remaining  almost  unchanged  for  some  time,  the  V-shaped 
fibres  being  first  re-arranged  in  the  centre,  side  by  side  (angle  outward), 
tend  to  separate  into  two  bundles  which  gradually  assume  position  at 
either  pole.  From  these  groups  of  fibrils  the  two  nuclei  of  the  new  cells 
are  formed  (daughter  nuclei)  (fig.  12,  k),  and  the  changes  they  pass 
through  before  reaching  the  resting  condition  are  exactly  those  through 
which  the  original  nucleus  (mother  nucleus)  has  gone,  but  in  a  reverse 

_^   Pol«  of  spindle. 

Outer  granular  zone. 

SpU(  fibres. 
__  Inner  clear  zone. 
_^  Polar  corpuscle. 

Fig.  14.— Monaster  stage  of  karyokinesis.    (Waldeyer.) 

order,  viz.,  the  star,  the  rosette,  and  the  convolution.  During  or  shortly 
after  the  formation  of  the  daughter  nuclei  the  cell  itself  becomes  con- 
stricted and  then  divides  in  a  line  about  midway  between  them. 

According  to  Waldeyer  the  stages  are  somewhat  different,  the  first 
change  {spireni  stage)  which  occurs  is  that  the  fine  fibrils  of  the  reticu- 
lum of  the  resting  nucleus  disappear,  leaving  the  thicker  more  or  less 
V-shaped  skeins  remaining  (fig.  13,  a).  These  thick  loops  then  split 
longitudinally  into  two  finer  threads,  and  at  the  same  time  the  achromatic 
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f  appears.     The  spindle  then  assumes  a  more  central  direction  at 
Ogles  to  the  skeins  (fig.  13,  b),  which  it  did  not  occupy  before, 
that  the  nucleus  has  two  poles,  the  terminations  of  the  spindle,  at 
^  which  is  developed  a  corpuscle  {polar  corpuscle) — the  inclosing 
30  is  lost,  and  the  matrix  of  the  nucleus  becomes  continuous 
with  that  of  the  cell;  the  hyaloplasm  separates  into  two  zones^  a  granu- 

A  B  C 


Ulojueats. 


ric.  IB,— >tet4kltie«l«— cliromfttlc  flRure,  uplodl*.    a.  Earn- stage,    b.  Later  sta^«    <?, 
—formation  of  dlaater.    cwaldejer  ) 

lar  zone  at  the  periphery  and  a  clear  zone  in  the  centre;  this  is  the 
fmmwikr  stage.     The  chromatic  fibres,  at  first  with  their  angles  toward 

■the  centre,  then  arrange  themselves  {mefakinpsis)  with  their  loops  toward 
the  poles,  and  move  along  the  apiniile  further  and  further  from  each 
other,  being  connected  by  the  fine  fibres  of  the  spindle  only.  In  this 
way,  around  each  pole,  loops  of  fibres  are  grouped,  which  eoon  take  the 
arrangement  and  appearance  of  the  primary  chromatic  fibres  (dinsfer). 
Next  the  new  nuclear  membrane  begins  to  form,  and  the  polar  corpuscle 
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16.— Final  Mages  of  karyokiiiesi^.    In  the  lower  fl^rure  the  changes  ai>e  «till  more  ndvanced  than 
in  the  ijpper    (Walclejer,) 

disappears.  Thus  are  two  daughter  nuclei  formed  {dispirem  stage). 
The  cell  itself  divides,  and  the  nuclear  fibres  of  the  daughter  nuclei  as- 
same  the  arrangement  of  the  resting  nucleus. 

Differences  between  Animals  and  Plants. 

Having  considered  at  some  length  the  vital  properties  of  protoplasm, 

[as  shown  in  cells  of  vegetable  as  well  as  of  animal  organisms,  we  are  now 

,  a  position  to  discuss  the  question  of  the  differetwes  between  jdanla  and 
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animals.  It  might  at  the  oatset  of  onr  inquiry  have  seemed  an  unneo 
essary  thing  to  recount  the  distinctions  which  exist  between  an  animal 
and  a  vegetable  as  they  are  in  many  cases  so  obvious,  but,  however  great 
the  differences  may  be  between  the  higher  animals  nnd  plants,  in  the 
lowest  of  them  the  distinctions  are  much  less  plain. 

In  the  first  place,  it  is  important  to  lay  stress  upon  the  differences 
between  vegetable  and  animal  cells y  first  as  regards  their  structure  and 
next  as  regards  their  functions. 

(1.)  It  has  been  already  mentioned  that  in  animal  cells  an  envelope 
or  cell-wall  is  by  no  means  always  present.  In  adult  vegetable  cells,  on 
the  other  hand,  a  well-defined  cellulose  wall  is  highly  characteristic; 
this,  it  should  be  remembered,  is  non-nitrogenous,  and  thu3  differs 
chemically  as  well  as  structurally  from  the  contained  protoplasmic  mass. 

Moreover,  in  vegetable  cells  (fig.  17,  b),  the  protoplasmic  contents 
of  the  cell  fall  into  two  subdivisions:  (1)  a  continuous  film  which  lines 
the  interior  of  the  cellulose  wall;  and  {%)  a  reticulate  mass  containing 


^sa 


Fig.  17.— <▲.)  Young  vegetable  cells,  showing  cell-cavity  entirely  Ailed  with  granular  protoplasm 
inclosing  a  large  oval  nucleus,  with  one  or  more  nucleoli,  (b.)  Older  cells  from  same  plant,  show- 
ing distinct  oeQuloae-wall  and  vacuolation  of  protoplasm. 

the  nucleus  and  occupying  the  cell  cavity;  its  interstices  are  filled  with 
fluid.  In  young  vegetable  cells  such  a  distinction  does  not  exist;  a 
finely  granular  protoplasm  occupies  the  whole  cell-cavity  (fig.  17,  a). 

Another  striking  difference  is  the  frequent  presence  of  a  large  quan- 
tity of  intercellular  substance  in  animal  tissues,  while  in  vegetables  it  is 
comparatively  rare,  the  requisite  consistency  being  given  to  their  tissues 
by  the  tough  cellulose  walls,  often  thickened  by  deposits  of  lignin. 
As  an  example  of  the  manner  in  which  this  end  is  attained  in  animal 
tissues,  may  be  mentioned  the  deposition  of  lime  salts  in  a  matrix  of 
intercellular  substance  which  occurs  in  the  formation  of  bone. 

As  regards  the  respective  functions  of  animal  and  vegetable  cells, 
one  of  the  most  important  differences  consists  in  the  power  which  vege- 
table cells  possess  of  being  able  to  build  up  new  complicated  nitrogenous 
and  non-nitrogenous  bodies  out  of  very  simple  chemical  substances  ob- 
tained from  the  air  and  from  the  soil.  They  obtain  from  the  air,  oxy- 
gen, carbonic  anhydride,  and  water,  as  well  as  traces  of  ammonia  gas; 
and  from  the  soil  they  obtain  water,  ammonium  salts,  nitrates,  sulphates. 
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Mc^mosphiiteSj  and  such  buses  m  potassium,  calcinm,  magnesium,  so- 
dium, iron,  and  others.  The  majority  of  plants  jvre  able  to  work  up 
these  elementary  compounds  into  other  and  more  complicated  bodies. 
This  they  are  able  to  do  in  consequence  of  their  containiDg  a  certaiji 
coloring  mutter  culled  chlornphifll^  the  presence  of  which  ia  the  caose  of 
the  green  hue  of  plants.  In  all  piants  which  contain  chlorophyll  two 
processes  are  constantly  going  on  when  they  are  exposed  to  light:  one, 
which  is  called  true  reapi ration  and  is  a  process  common  to  animal  and 
Tegetablo  cells  alike,  consists  in  the  taking  of  the  oxygen  frouj  the  at- 
mosphere and  the  giving  out  of  carbon  dioxide;  the  otlier,  which  is 
peculiar  apparently  to  bodies  containing  chlorophyll,  consists  in  the 
taking  in  of  carbon  dioxide  and  the  giving  uut  of  oxygen.  It  seems  that 
the  clilorophyll  is  c^ipable  of  decomposing  the  carbon  dioxide  gas  and 
of  fixing  the  carbon  in  the  strnntures  in  the  form  of  some  new  com- 
pound, one  of  the  most  rapidly  formed  of  whirh  is  t^tanh.  The  first 
step  in  the  formation  of  starch  is  the  union  of  carbon  dioxide  and  water 
to  form  formic  aldehyde,  COa+HaO^CHjO+Osj  oxygen  being  evolved; 
then  by  polymerization  the  formation  of  sugar  thus,  0  CIIaO  =  CrJli'j(>f.; 
and  by  dehydration,  CVJIigUA — lI'jO  =  C6lI(oO-.,  tlie  production  of  sturch. 
In  this  way  is  sttirch  synthesized  or  built  up.  Vegetable  protoplasm  by 
the  aid  of  its  chlorophyll  is  able  to  build  up  a  large  number  of  bodies 
besides  starch,  the  most  interesting  and  important  being  proteid  or 
albumin.  It  appears  to  be  a  fact  that  the  power  which  bodies  possess 
of  being  able  to  synthesize  is  to  a  large  extent  dependent  upon  the  chlo- 
rophyll they  contain.  Thus  the  power  is  only  present  to  any  marked 
extent  in  the  plants  in  which  chlorophyll  is  found  and  is  absent  in  those 

•  which  do  not  possess  it;  while  on  the  other  hand  it  is  present  in  the 
extremely  few  animals  which  contain  it  and  is  absent  except  in  certain 
fare  instances  as  one  of  the  properties  of  animal  protoplasm. 

It  must  be  recollected,  however,  that  chlorophyll  without  the  aid  of 
the  light  of  the  sun  can  do  not!iing  in  tlie  wayof  building  up  substances, 
and  a  plant  couiaining  chlorophyll  when  placed  in  the  dark,  as  long  as 
it  lives,  and  that  is  not  as  a  rule  long,  acts  as  though  it  did  not  contain 
any  of  that  substance.  It  is  an  interesting  fact  that  certain  of  the  bac- 
teria have  the  chlorophyll  replaced  by  a  similar  pigment  which  is  able 
to  decompose  carbon  dioxide  gas. 

k  Animal  cells,  except  in  the  very  rare  cases  above  alluded  to,  do  not 
mcM  the  power  of  building  tip  from  simple  materials;  tlicir  activity 
(JuiBAy  exercised  in  the  opposite  direction,  viz.,  they  have  brought  to 
them  as  food  the  coniplicatetl  com|>ounds  produced  by  the  vegetable 
kingdom,  and  with  them  they  are  able  to  perform  their  functions,  set- 
ting free  energy  in  the  direction  of  heat,  motion,  and  electricity,  and  at 
the  same  time  eliminating  such  bodies  as  airbon  dioxide  and  water,  and 
producing  other  bodies,  many  of  which  contain  nitrogen,  but  which  are 
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derived  from  decomposition,  and  only  in  very  rare  cases  from  building 
up. 

It  must  be  distinctly  understood,  however,  that  there  are  instances 
of  animal  cells  performing  synthetic  functions  and  of  combining  two 
simpler  compounds  to  produce  one  more  complex,  and  it  is  quite  possi- 
ble that  many  of  the  processes  performed  by  the  cells  of  certain  organs 
are  instances  of  synthesis,  and  not  as  they  have  been  described  of  break- 
ing down ;  and  the  reverse  is  undoubtedly  the  case  with  vegetable  cells, 
so  that  it  is  impossible  to  generalize  to  a  greater  extent  than  to  say  that 
the  tendency  of  the  activity  of  the  vegetable  cell  is  chiefly  toward  syn- 
thesis, and  of  the  animal  cell  toward  analysis. 

With  reference  to  the  substance  chlorophyll  it  is  necessary  to  say  a 
few  words.  It  has  been  noted  that  the  synthetical  operations  of  vege- 
table cells  are  peculiarly  associated  with  the  possession  of  chlorophyll 
and  that  these  operations  are  dependent  upon  the  light  of  the  sun.  It 
has  been  further  shown  that  a  solution  of  chlorophyll  has  a  definite 
absorption  spectrum  when  examined  with  the  spectroscope,  and  that  it 
is  particularly  those  parts  of  the  solar  spectrum  corresponding  to  these 
absorption  bands  which  are  .chiefly  active  in  the  decomposition  of  car- 
bonic anhydride,  and  that,  moreover,  the  position  of  the  maximum  absorp- 
tion corresponds  with  the  maximum  of  energy  of  light.  In  the  synthet- 
ical processes  of  the  plant  then,  by  aid  of  its  chlorophyll,  the  radiant 
energy  of  the  sun's  rays  becomes  stored  up  or  rendered  potential  in  the 
products  formed.  The  potential  energy  is  set  free,  or  is  again  made 
kinetic,  when  these  products  simply  by  combustion  produce  heat,  or 
when  they  are  taken  into  the  animal  organism  and  used  as  food  and  to 
produce  heat  and  motion. 

The  influence  of  light  is  not  an  absolute  essential  to  animal  life;  in- 
deed, it  is  said  not  to  increase  the  metabolism  of  animal  tissue  to  any 
extent,  and  the  animal  cell  does  not  receive  its  energy  directly  from  the 
sun's  light,  nor  yet  to  any  extent  from  the  sun's  heat,  but  from  the 
products  formed  by  vegetable  metabolism  supplied  as  food,  either  di- 
rectly, as  in  the  case  of  herbivora,  or  indirectly  in  the  case  of  carnivora. 
The  potential  energy  of  these  food  stuffs  is  set  free  in  the  destructive 
metabolism  of  the  animal  cell  already  alluded  to.  But  it  must  be  always 
recollected  that  anabolisra  is  not  peculiar  to  vegetable,  or  katabolism  to 
animal  cells;  both  processes  go  on  in  each,  but  the  chief  function,  as 
far  as  we  know  at  present  of  the  former,  is  to  transform  kinetic  into  po- 
tential energy,  and  of  the  latter  to  render  potential  energy  kinetic,  as 
in  heat,  motion,  and  electricity. 

With  reference  to  the  food  of  plants,  it  should  not  be  forgotten  that 
some  of  the  lowest  forms  of  vegetable  life,  e.g.y  the  bacteria,  will  live 
only  in  a  highly  albuminous  medium,  and  in  fact  seem  to  require  for 
their  growth  elements  of  food  stuffs  which  we  shall  see  later  on  are  es- 


THE    PHEXOKBNA    OF    LIFE.  10 

iential  to  animal  life.  In  tlic-ir  metabolisni,  too,  they  very  closely  ap- 
proximate to  animal  cells,  not  only  requiring  an  atmosphere  of  oxygen, 
bat  giving  out  carbonic  anhydride  freely,  and  secreting  and  excreting 
many  very  complicjitefl  nitrogenous  bodies*  as  well  as  forming  proteid, 
carbohydrates,  and  fat,  requiring  heat  but  not  ligbt  for  the  due*  perform- 
ance of  their  functions* 

(2*)  There  is,  commonly,  a  differetire  in  general  chemical  compoBition 
between  vegetables  and  animals,  even  in  their  lowest  forms ;  fur  associated 
with  the  protoplasm  of  the  former  ia  a  considerable  amount  of  cellulose^ 
a  substance  closely  allied  to  starch  and  containing  carbon,  hydrogen,  and 
oxygen  only.  The  presence  of  cellulose  in  animals  is  much  more  rare 
than  in  vegetables,  but  there  arc  many  animals  in  which  traces  of  it  may 
be  discovered,  and  some,  the  Ascidians,  in  which  it  is  found  in  consider- 
able quantity.  The  presence  of  starch  in  vegetable  cells  is  very  chanic- 
teristic,  though,  as  we  have  seen  above,  it  is  not  distinctive,  and  a  sub- 
stance, glycogen,  similar  in  composition  to  starch,  is  very  common  in  the 
organs  and  tissues  of  animals. 

(3.)  Inherent  power  of  movement  is  a  quality  which  we  so  commonly 
consider  an  essential  indication  of  animiil  nature,  that  it  is  difficult  at 
first  to  conceive  it  existing  in  any  other.  The  capability  of  simple  mo- 
tion is  now  known,  however,  to  exist  in  so  many  vegetable  forms,  that 
it  can  no  longer  be  held  as  an  essential  distinction  between  them  and 
animals,  and  ceases  to  bo  a  mark  by  which  the  one  can  be  distingniahed 
from  the  other.  Thus  tlie  zoospores  of  many  of  the  Cryptogamia  ex- 
hibit ciliary  or  amcpboid  movements  of  a  like  kind  to  those  seen  in 
juncebs;  and  even  among  the  higher  orders  of  plants,  munj ^e^g.^Dionwa 
Musdpula  (Venus's  fly-trap),  and  Mimosa  sensiiiva  (Sensitive  plant),  ex- 
hibit such  motion,  either  at  regular  times,  or  on  the  ap]dication  of 
external  irritation,  as  might  lead  one,  were  tliia  f^ict  taken  by  itself,  to 
regard  them  as  sentient  beings.  Inherent  power  of  movement,  then, 
although  especially  characteristic  of  animal  nature,  is,  when  taken  by 
itself,  no  proof  of  it, 

(4.)  The  presence  of  a  digestive  canal  is  a  very  general  mark  by  which 
an  animal  can  be  distinguished  from  a  vegetable.  But  the  lowest  ani- 
mals are  surrounded  by  material  that  they  can  take  as  food,  as  a  plant  is 
surrounded  by  an  atmosphere  that  it  can  use  in  like  manner.  And  every 
part  of  their  body  being  adapted  to  absorb  and  digest,  they  have  no  need 
of  a  special  receptacle  for  nutrient  matter,  and  accordingly  have  no  di- 
gestive  canal.    This  distinction  then  is  not  a  cardinal  one. 


CHAPTER  II. 

THE  FUNCTIONS  OP  ORGANIZED  CELLS. 

As  we  proceed  upward  in  the  scale  of  life  from  unicellular  organisms, 
we  find  that  another  phenomenon  is  exhibited  in  the  life  history  of  the 
higher  forms,  namely,  that  of  Development.  An  amoeba  comes  into  be- 
ing derived  from  a  previous  amcBba;  it  manifests  the  properties  and 
performs  the  functions  of  its  life  which  have  been  already  enumerated; 
it  grows,  it  reproduces  itself,  whereby  several  amcsbaa  result  in  place  of 
one,  and  it  dies.  It  cannot  be  said  to  develop,  however,  unless  the  for- 
mation of  a  nucleus  can  be  considered  as  an  indication  of  such  a  process. 
In  the  higher  organisms  it  is  different;  they,  indeed,  begin  as  a  single 
cell,  but  this  cell  on  division  and  subdivision  does  not  form  so  many 


Fif.  18.— Transverse  section  throu^^h  embrvo  chick  (26  hours'),  a,  Epiblast;  b,  mesoblast:  c, 
hypoblast;  el,  central  portion  of  mesoblast,  which  is  here  fused  with  epiblast;  «,  primitive  groove; 
/,  dorsal  ridge.    (Klein.) 

independent  organisms,  but  produces  the  material  from  which,  by  devel- 
opment, the  complete  and  perfect  whole  is  to  be  derived.  Thus,  from 
the  spherical  ovum,  or  germ,  which  forms  the  starting-point  of  animal 
life  and  which  consists  of  a  protoplasmic  cell  with  a  nucleus  and  nucle- 
olus, in  a  comparatively  short  time,  by  the  process  of  segmentation  which 
has  been  already  mentioned,  a  complete  membrane  of  cells,  polyhedral 
in  shape  from  mutual  pressure,  called  the  Blastoderm,  is  formed,  and 
this  speedily  divides  into  two  and  then  into  three  layers,  chiefly  from 
the  rapid  proliferation  of  the  cells  of  the  first  single  layer.  These  layers 
are  called  the  Epiblast,  the  Mesoblast,  and  the  Hypoblast  (fig.  18). 
It  is  found  in  the  further  development  of  the  animal  that  from  each 
of  these  layers  is  produced  a  very  definite  part  of  its  completed  body. 
For  example,  from  the  cells  of  the  epiblast  are  derived,  among  other 
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etraotnres,  the  skin  and  the  central  norvouB  system;  from  the  mesoblast 
is  derived  the  fleeh  or  muscles  of  the  body,  and  from  the  hyiioblast  the 
epitbelium  of  the  alimentary  canal  and  some  of  the  chief  glands,  and  so  on* 

It  is  obvious  that  the  tissues  and  organs  so  derived  exhibit  in  a  vary- 
ing degree  the  primary  properties  of  protoplasm.  The  muscles,  for 
example,  derived  from  certain  cells  of  the  mesobla&t  are  particularly  con- 
tractile and  respond  to  stimuli  readily,  while  the  cells  of  the  liver, 
nlthongh  possibly  contractile  to  a  certain  extent^  have  to  do  chiefly  with 
the  processes  of  nutrition. 

Thus,  in  development,  we  see  tliat  as  the  cella  of  the  embryo  in- 
crease in  number  it  speedily  becomes  necessary  for  the  organism  to 
depute  to  different  groups  of  cells,  or  to  their  equivalents  {i.e.,  to  the 
tissues  or  organs  to  wliich  they  give  rige)»  special  functions,  so  that  the 
YarioQS  functions  which  the  original  cell  may  be  supposed  to  discharge, 
and  the  various  |>roperties  it  maybe  BUpposed  to  possess,  become  divided 
up  among  various  groups  of  resulting  cells.  The  work  of  each  group 
is  gpeeializcd.  As  a  result  of  this  division  of  labor,  as  it  may  be  called, 
these  functions  and  properties  are,  as  might  be  expected,  developed  and 
made  more  perfect,  while  the  tissues  and  organs  arising  from  each 
group  of  cells  are  developed  also,  with  a  view  to  the  more  convenient 
and  effective  exercise  of  their  functions  and  employment  of  their  prop- 
ertied. 

In  studying  the  fnnctions  of  the  Imnum  body  it  is  necessary  first  of 
all  to  know  of  what  it  is  conii»osed,  of  what  tissues  and  organs  it  is  made 
up;  this  can  of  course  only  be  ascertained  by  the  dissection  of  the  dead 
body,  and  thus  it  comes  that  Anatomy  (a^ft-ifivm,  to  cut  up)  the  science 
which  treats  of  the  structure  of  organized  bodies,  is  closely  associated 
with  physiology;  so  closely,  indeed,  that  Histology  (^-rrtiTja  web),  which 
is  especially  concerned  with  the  minute  or  microscopic  structure  of  the 
tissues  and  organs  of  the  body,  and  which  is  strictly  speaking  a  depart- 
ment of  anatomy,  is  usually  included  in  works  on  physiology.  There  is 
much  to  be  said  in  favor  of  sueli  an  arrangement,  since  it  is  impossible 
to  consider  tlie  changes  which  take  place  in  any  tissue  during  life, 
apart  from  the  knowledge  of  tlie  structure  of  the  tissues  themselves. 
To  understand  tlie  structure  of  the  human  body  in  an  intelligent  way, 
much  help  is  obtained  from  the  study  of  the  structure  of  other  animals, 
from  the  lowest  to  the  highest,  whirh  h  the  province  of  Comparative 
Anatomy ;  while  Embryology,  which  is  concerned  with  the  mode  of 
origin  of  the  various  tissues  in  the  embryo  of  each  animal,  and  which  is 
usually  studied  at  the  end  of  physiology,  should  from  some  jjcints  of 
view  be  considered  as  an  introduction  to  the  subject. 

A  second  important  essential  to  the  right  comprehension  of  the 
iges  which  take  place  in  tlie  living  organism  is  a  knowledge  of  the 
ileal  comijosition  of  the  body.     Here,  however,  we  can  only  deal 
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with  the  chemical  composition  of  the  dead  body,  and  it  is  as  well  at 
once  to  admit  that  there  may  be  many  chemical  differences  between 
living  and  not  living  tissues;  but  as  it  is  impossible  to  ascertain  the 
exact  chemical  composition  of  the  living  tissues,  the  next  best  thing 
which  can  be  done  is  to  find  out  as  much  as  possible  about  the  com- 
position of  the  same  tissues  after  they  are  dead.  This  is  the  assistance 
which  the  science  of  Chemistry  can  afford  to  the  physiologist,  and  the 
same  science  is  concerned  with  the  composition  of  the  ingesta  and  egesta^ 
as  well  as  with  that  of  the  fluids  of  the  body. 

Having  mastered  the  structure  and  composition  of  the  body,  we  are 
brought  face  to  face  with  physiology  proper,  and  have  to  investigate  the 
vital  changes  which  go  on  in  the  tissues,  the  various  actions  taking  place 
as  long  as  the  organism  is  at  work.  The  subject  includes  not  only  the 
observation  of  the  manifest  processes  which  are  continually  taking 
place  in  the  healthy  body,  but  the  conditions  under  which  these  are 
brought  about,  the  laws  which  govern  them  and  their  effects. 

We  know  from  our  study  of  biology  that  the  cells  of  which  the  tis* 
sues  are  composed  cannot  live  without  food,  both  solid  and  liquid.  In 
a  complicated  organism  like  the  body  of  man,  the  tissues  cannot  supply 
themselves  with  food  directly  like  the  amoeba,  and  so  it  comes  that  the 
various  tissues  are  furnished  with  what  they  require  by  means  of  a 
fluid,  the  bloody  which  is  ciirried  to  them  in  tubes  or  canals,  the  blaod^ 
vessels,  which  are  distributed  to  every  region  of  the  body.  In  order  that 
the  blood  shall  reach  all  parts,  the  system  of  vessels  in  which  it  is  con* 
tained  is  supplied  with  a  central  pumping  organ,  the  heart.  Then  we 
find  that  as  the  oxygen,  which  is  one  of  the  requisites  of  the  life  of  the 
tissues,  and  which  is  carried  to  the  tissues  by  the  blood,  is  used  up,  a 
special  means  is  provided  by  resjnrafion,  or  breathing,  by  means  of 
which  the  blood  is  exposed  to  a  new  supply  of  oxygen  of  the  air,  which 
is  taken  into  special  organs,  the  lungs,  for  the  purpose,  and  which  at 
the  same  time  allows  of  the  elimination  of  the  carbonic  anhydride  the 
blood  conveys  from  the  tissues.  Then  again,  as  the  solid  food  for  the 
tissues  cannot  be  conveyed  in  the  blood  in  the  exact  form  in  which  it  ia 
introduced  into  the  body,  a  special  and  complicated  apparatus  is  pro- 
vided, that  of  digestion,  by  means  of  which  the  necessary  changes  are 
brought  about  in  the  food.  The  digested  food  is  then  absorbed  and 
carried  to  the  blood,  either  directly  with  little  further  change  by  means 
of  another  system  of  vessels  in  connection  with  the  blood-vessels,  the 
lymphatic  vessels,  or  after  passing  through  a  special  organ  or  gland,  the 
liver,  by  means  of  which  some  further  changes  take  place.  In  the 
digestive  apparatus  we  have  the  organs,  the  stomach  and  intestines,  into 
which  the  food  is  received  for  the  purpose  of  being  acted  upon  by  cer- 
tain chemical  agents,  of  which  ferments,  bodies  which  are  capable  of 
setting  up  profound  changes  in  other  bodies  without  themselves  under- 
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going  change,  are  liiu  most  iinporUuit;  there  is  addeil  the  appurfttus  by 
means  of  which  the  altered  food  fltuffs  are  absorbed  or  reach  the  two 
systems  of  blood-vegsels  already  mentioned,  and  u  muscular  nppanitua 
contained  in  the  walls  of  the  intestinal  tube  by  mesuis  of  which  thiit 
part  of  the  food  which  is  not  fit  for  absorption  is  removed  from  the 
body.  In  fiddition  to  this  excretory  Hi)par;itus  we  have  another,  the 
kidneys,  which  are  concerned  with  the  removal  of  certain  substances 
from  the  blood  which  have  served  their  purpose  in  the  economy. 

Then  we  have  the  mu.scular  st/sftm,  whicli  by  its  special  power  of 
contraction  is  capable  of  bringing  about  all  tiie  movements  of  the  body 
— those  of  the  frame,  the  head,  arms,  legs,  etc.,  as  well  as  those  of  the 
heart,  the  vessels,  the  alimentary  canal,  and  the  like.  The  narvoufi  sffH- 
Uin^  by  the  aid  of  which  the  proceflsea  of  the  living  body  may  be  regu- 
lated and  controlled.  Lastly,  we  have  a  special  system— that  of  the 
genera(iv€  system^  by  means  of  which  the  reproduction  of  the  species 
may  take  place. 

To  these  subjects,  the  merest  outline  of  which  has  been  iiere 
sketched,  oar  attention  has  to  be  given  in  the  succeeding  chapters,  but 
it  may  be  well  to  mention  as  a  preliminary  that  the  information  about 
them  which  we  have  at  our  dispossU  has  been  derived  from  many  sources, 
the  chief  of  which  are  as  followi: — 

(1.)  From  actual  observation  of  the  varioua  phenomena  occurring  in 
the  human  body  from  day  to  day,  and  from  hour  to  hour,  as,  for  exam- 
ple, the  estimation  of  the  amount  and  composition  of  the  ingesta  and 
egesta,  the  respiration,  the  beat  of  the  heart,  and  the  like; 

(a.)  From  observations  upon  other  animals,  the  bodies  of  wliieh  we 
are  taught  by  comparative  anatomy  approximate  to  the  huriian  body 
in  struct  are; 

(3.)  From  observations  of  the  changes  jiroduced  by  experiment  upon 
the  various  processes  in  such  uninuils; 

(4-1  From  observations  of  the  changes  in  the  working  of  the  human 

ly  produced  by  disease; 

(5.)  From  observations  upon  the  gradual  changes  which  take  place 
in  the  functions  of  organs  when  watched  in  the  embryo  from  their 
e4irliest  beginnings  to  their  completed  development. 

In  accordance  with  the  plan  sketched  out  above,  the  next  chapter 
will  be  devoted  to  a  consideration  of  the  miuiite  structure  of  the  ele- 
mentary tissues,  and  the  one  after  that  to  a  preliminary  account  of  the 
chemical  composition  of  the  body.  These  two  chapters  will  serve  as  an 
introduction  to  the  study  of  the  problems  of  physiology  proper,  which 
will  be  commenced  in  Chapter  V. 


CHAPTER  III. 

THE  STRUCTURE  OF  THE  ELEMENTARY  TISSUES. 

The  careful  examination  of  the  minute  anatomy  of  the  body  has 
shown  that  there  are  certain  elementary  structures,  of  which,  alone  or 
when  combined  in  varying  proportions,  the  whole  of  the  organs  and 
tissues  of  the  body  are  made  up.  These  Elementary  Tissues  are  four 
in  number,  called :  (1.)  The  Ejnthelial ;  (2.)  The  Cofinective  ;  (3.)  The 
Muscular,  find  (4.)  The  Nervous.  To  these  four,  some  would  add  a  fifth, 
looking  upon  the  Blood  atid  Lymph,  containing,  as  they  do,  formed 
elements  in  a  fluid  menstruum,  as  a  distinct  tissue. 

All  of  these  elementary  tissues  consist  of  cells  and  of  their  altered 
equivalents.  It  will  be  as  well  therefore  to  indicate  some  of  the  differ- 
ences between  the  cells  of  the  body.  They  are  named  in  various  ways, 
according  to  their  shape,  situatmi,  contents,  origin,  and  functions. 

(a,)  From  their  shape,  cells  are  called  spherical  or  spheroidal,  which 
is  the  typical  shape  of  the  free  cell;  this  maybe  altered  to  polyhedral 
when  the  pressure  on  the  cells  in  all  directions  is  nearly  the  same;  of 
this  the  primitive  segmentation  cells  afford  an  example.  The  discoid 
form  is  seen  in  blood-corpuscles,  and  the  scale-like  iorjon.  in  superficial 
epithelial  cells.  Some  cells  have  a  jagged  outline  and  are  then  called 
prickle  cells.  Cells  of  cylindrical,  conical,  or  prismatic  form  occur  in 
various  places  in  the  body.  Such  cells  may  taper  off  at  one  or  both 
ends  into  fine  processes,  in  the  former  case  being  caudate,  in  the  latter 
fusiform.  They  may  be  greatly  elongated  so  as  to  become  fibres.  Cells 
with  hair-like  processes,  or  cilia,  projecting  from  their  free  surfaces,  are 
a  special  variety.  The  cilia  vary  greatly  in  size,  and  may  even  exceed 
in  length  the  cell  itself.  Finally,  cells  may  be  branched  or  stellate  with 
long  outstanding  processes. 

(6.)  From  their  situation  cells  may  be  called  free,  as  in  the  blood, 
or  combined,  when  connected  together  or  with  other  elements  to  form 
organs  and  tissues. 

(c.)  From  their  contents  cells  are  called,  when  containing  fat  for 
example, /a/  cells  ;  when  containing  pigment,  ^;t</7w^w/  cells,  etc. 

{d,)  From  their  function  cells  are  called  secreting,  protective,  sensi- 
tive, contractile,  and  the  like. 

(e.)  From  their  origin  cells  are  called  ejnblastic  and  mesoblastic  and 
hypoblastic. 
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^k     Modes  of  Connection* — Cells   are  conntjcted   together   to  form 
^■nKietJ  ill  various  ways. 

H       (1.)  By  mean  of  a  cementing  in  tercel  hilar  substance.     This  is  prob- 

^ably  always  present  as  a  transparent,  colorless,  viscid,  albinniiioue  sub- 

stance,  even  between  the  closely  apposed  cells  of  epithelium,  while  in 

rihe  cose  of  cartilage  it  forms  the  main  bulk  of  the  tissue^  and  the  cells 
only  appear  as  imbedded  in,  not  as  cemented  together  by,  the  intercel- 
lular substance.  This  intercellular  eubstjxnce  may  be  either  homogene- 
ous or  fibrillated.  In  many  cases  (i'.ij..  the  cornea)  it  can  be  shown  tu 
contain  a  number  of  irregular  branched  cavities,  which  communicate 
with  each  other,  and  in  which  branched  cells  lie:  through  these  branch- 

Iing  spaces  nutritive  fluids  can  find  their  way  into  the  very  remotest 
]Mkrts  of  a  non-vascular  tissue. 
Aa  a  special  variety  of  intercellular  substance  must  be  mentioned  the 
basement  membrane  (membrana  prnprut)  which  is  found  at  the  base  of 
the  epithelial  cells  in  most  mucous  membnincin,  and  especially  as  an 
inventing  tunic  of  ghind  follicles  which  determines  their  shape,  and 
which  may  persist  as  a  hj^alinu  saccule  after  the  gland  cells  have  all 
been  discharged. 

(3.)  By  anastomosis  of  their  processes.  This  is  the  usual  way  in 
which  stellate  cells,  e,g.  of  the  cornea,  are  united  ;  the  individuality  of 
each  cell  is  thus  to  a  great  extent  lost  by  its  connection  with  its  neigh- 
bors to  form  a  reticulum:  as  an  example  of  a  network  so  produced  we 
may  cite  the  stroma  of  lymphatic  glands. 

Sometimes  the  branched  processes  breaking  up  into  a  maze  of 
minute  fibrils,  adjoining  cells  are  connected  by  an  intermediate  reticu- 
lum: this  is  the  case  in  the  nerve  cells  of  the  spinal  oord. 

Derived  Tissue-elements. — Besides  the  Cell,  which  may  be  termed 
the  primary  tissue-element,  there  are  nutterials  which  may  be  termed 
secondary  or  derived  tissue-elements,  f^uch  are  Intercellular  substance, 
Fibres,  and  Tubules. 

a.  InierceUular  HuhHfance  is  probably  in  all  cases  directly  derived 
from  the  cells  themselves.  In  some  cases  (e.fj,  cartilage),  by  the  use  of 
retigents  the  cementing  intercellular  subsbmce  is,  as  it  were,  analyzed 
into  various  masses,  each  armnged  in  concentric  layers  around  a  cell  or 
group  of  cells,  from  which  it  was  probably  derived. 

p.  Fihres,  In  the  case  of  the  cryetalline  lens,  and  of  muscle  both 
ftriated  and  non-striated,  each  fibre  is  simply  a  metamorphosed  cell:  in 
the  case  of  a  striped  fibre,  the  elongation  being  accompanied  by  a  mul- 
tiplication of  the  nuclei.  The  various  fibres  and  fibrillar  of  connective 
,ue  result  from  a  gradual  transformation  of  an  originally  homogene- 
intercellular  substance.  Fibres  thus  formed  may  undergo  great 
chemic4il  as  well  as  physical  transformation :  this  is  notably  the  case 
with  yellow  elastic  tissue,  in  which  the  sharply  defined  elastic  fibres. 
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poBsessiDg  great  power  of  resistance  to  reagents^  contrast  strikingly 
with  the  homogeneous  matter  from  which  they  are  derived. 

r.  Tubules,  such  as  the  capillary  blood-vessels,  which  were  originally 
supposed  to  consist  of  a  structureless  membrane,  have  now  been  proved 
to  be  composed  of  flat,  thin  cells,  cohering  along  their  edges. 

Decay  and  Death  of  Cells.— There  are  two  cAw/waysin  which  the 
comparatively  brief  existence  of  cells  is  brought  to  an  end.  (1)  Mechan- 
ical abrasion,  (2)  Chemical  transformation. 

1.  The  various  epithelia  furnish  abundant  examples  of  mechanical 
abrasion.  As  it  approaches  the  free  surface,  the  cell  becomes  more  and 
more  flattened  and  scaly  in  form  and  more  homy  in  consistency,  till  at 
length  it  is  simply  rubbed  off  as  in  the  epidermis.  Hence  we  find  epi- 
thelial cells  in  the  mucus  of  the  mouth,  intestine,  and  genito-nrinary 
tract. 

2.  In  the  case  of  chemical  transformation  the  cell-contents  undergo 
a  degeneration  which,  though  it  may  be  pathological,  is  very  often  a 
normal  process. 

Thus  we  have  (a)  fatty  metamorphosis  producing  oil-globules  in  the 
secretion  of  milk,  fatty  degeneration  of  the  muscular  fibres  of  the  nteru» 
after  the  birth  of  the  foetus,  and  of  the  cells  of  the  Graafian  follicle 
giving  rise  to  the  "  corpus  luteum."  (b)  Pigmentary  degeneration  from 
deposit  of  pigment,  e.g,  in  the  epithelium  of  the  air  vesicles  of  the  lungs, 
(c)  Calcareous  degeneration,  which  is  common  in  the  cells  of  many 
cartilages. 

I.  The  Epithelial  Tissues. 

The  term  epithelium  is  applied  to  the  cells  covering  the  skin,  the 
mucous  and  serous  membranes,  and  to  those  forming  a  lining  to  other 
parts  of  the  body  as  well  as  entering  into  the  formation  of  glands.  For 
example : — 

Epithelium  clothes  (1)  the  whole  exterior  sprface  of  the  body,  form- 
ing the  epidermis  with  its  appendages — nails  and  hairs;  becoming  con- 
tinuous at  the  chief  orifices  of  the  body — nose,  mouth,  anus,  and  urethra 
— with  the  (2)  epithelium  which  lines  the  whole  length  of  the  (3)  respi- 
ratory, alimentary,  and  genito-urinary  tracts,  together  with  the  ducts  of 
their  various  glands.  Epithelium  also  lines  the  cavities  of  (4)  the  brain 
and  the  central  canal  of  the  spinal  cord,  (5)  the  serous  and  synovial 
membranes,  and  (6)  the  interior  of  all  blood-vessels  and  lymphatics. 

Epithelial  cells  possess  an  intracellular  and  an  intranuclear  network 
(p.  9  and  10).  When  combined  together  to  form  a  tissue,  they  are  held 
together  by  a  clear,  albuminous,  cement-substance,  scanty  in  amount. 
The  viscid  semi-fiuid  consistency  both  of  cells  and  intercellular  sub- 
stance permits  such  changes  of  shape  and  arrangement  in  the  individual 
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cells  lie  are  necessHry  if  the  epithelium  is  to  niaintain  its  integrity  in 
orgiins  the  area  of  whose  free  surface  ia  so  constantly  changing,  as  tlie 
8tomach»  hingg,  etc.  Thug,  if  there  be  but  a  single  luyer  of  cells,  lu  in 
the  epithelium  lining  the  uir  vesicleB  of  the  lungs,  the  stretching  of  this 
membrane  causes  euch  a  thinning  out  of  the  cells  that  they  change 
their  shape  from  spheroi^lul  or  sliort  columnar^  to  squamous,  and  rice 
perxd^  when  the  membrane  ahriuks. 

Epithelial  tissues  are  non-vascular,  that  is  to  say,  do  not  contain 
blocKl-vessels,  but  in  some  varieties  minute  ohannels  exist  between  tlie 
cells  of  certain  layers  through  which  they  may  be  supplied  with  nour- 
ishment from  the  subjacent  blood-vessels.  Xerve  fibres  are  supplied  to 
the  cells  of  many  epithelia. 

Epithelial  tissue  is  classified  according  as  the  cells  composing  it  are 
arranged  in  a  single  layer  when  it  is  simple,  or  in  several  layers  when  it 
ifl  called  airatified  or  laminated ^  or  iu  two  or  three  layers  occupying  a 
podtton  between  the  otlier  two  forms,  when  it  is  termed  tnutsitittndL 
Of  each  form,  when  there  are  several  varieties,  they  are  named  accord- 
ing to  the  shape  of  the  cells  composing  it 


Classification  of  Epithelium. 

(a)  Simple,— (L)  Squamous,  scaly,  pavement,  or  tessellated;  (2.) 
Spheroidal  or  glandular:  (3.)  Columnar,  cylindrical,  conical  or  goblet- 
shaped;  (4.)  Ciliated. 

(b)  Transitional. 

(c)  Stratified. 


Vii8  a 


(a)  Simple  Epithelium. 


'Squnmaus  EpithcUnuK — Thi^t  forjn  of  epithelium  is  found  arranged 
as  a  single  layer  of  flattened  celU,  tis  {tt)  the  pigmentary  layer  of  the 
retina,  and  forms  the  lining  of  {b)  the  interior  of  the  serous  and  syno- 
Tiid  sacs,  (c;)  the  alveoli  of  the  lungs,  and  (d)  of  the  heart,  blood-  and 
Ijrmph-Yesaels.  It  consists  of  cells,  which  are  flattened  and  scaly,  with 
a  more  or  less  irregular  outline. 

In  the  pigment  cells  of  the  retina  there  is  a  deposit  of  pigment  in 
the  cell-substance.  This  pigment  consists  of  minute  molecules  of  a 
colored  substance,  mehinin,  imbedded  in  the  cell-substance  and  almost 
concealing  the  nucleus,  wliicli  is  itself  transparent. 

In  white  rabbits  and  other  albino  animals,  in  which  the  pigment  of 
the  eje  is  absent,  this  layer  is  found  to  consist  of  eolorless  pavement 
epithelial  cells. 

The  squamous  epithelium  which  is  found  as  a  single  layer  lining  the 
ierous  membranes,  and  the  interior  of  blood-  and  lymphatic- vessels,  is 
generaJly  called  by  a  distinct  name— Endothelium, 


28 


HANDBOOK    OF    PHYSIOLOGY. 


The  presence  of  endothelium  in  any  lociality  may  he  demoBstrated  hy 
staining  the  part  lined  by  it  with  silver  nitrate,  which  brings  into  view 
the  intercellutir  cement  substance. 

It  is  found  that  when  a  small  portion  of  a  perfectly  fresh  Ber 


Fij;.  IS.^PigtneDtrcells  from  the  retina,  a.  Cells  nt  i  II  ectliehu;?,  seen  on  their  turf  ace;  a,  DticleQi 
Indteiloctly  seen.  1  n  tin?  other  tflls  the  Ducleua  i»  coneeaJM  by  the  pigment  fn'anu]««.  b.  Two  cellt 
seen  In  proUll*?;  a,  llie  outer  or  posterior  part  contalain^ scarcety  aay  pigment,     x  870,    (HenJe.) 

membrane  for  example  (fig.  20),  is  immersed  for  a  few  minutes  in  a 
aolotion  of  silver  nitrate,  and  exposed  to  the  action  of  light,  the  silver 
is  precipitated  in  some  form  in  the  intereellnlur  cement  gubstance,  and 
the  endothelial  cells  are  thus  mapped  out  by  fine,  dark,  and  generally 
ginuouB  lines  of  extreme  delicacy.  The  cells  vary  in  size  and  shape^  and 
areas  a  rule  irregular  in  outline;  those  lining  the  interior  of  blood- 
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Fiff,  20.— A  piece  of  1 1  a t-  oiii en tu m  of  a  cat.  stainefl  In  e i I  ve r  n itrn t e.  x  1 00.  The  I  Issue  f onDfl  a 
*^  fcnrwtrated  memhrauf.'"  ihtit  is  to  sajr,  OQe  which  is  studdwi  with  holes  orwiudowa.  Id  the 
fljnire  these  are  of  various  shapes  titiit  glies,  leaving  trabecular,  the  hasis  of  which  la  tlbrotia  daatie. 
Trie  tralieeuitt'  are  of  various  mz^s  and  aro  coverea  wit li  endotiit^lial  rellsi,  the  nuclei  uf  which  have 
been  innrl**  evi^lt-nt  by  itaintug  with  hjit^tuatoxyHn  after  the  stilver  nitmte  has  outlined  tlie  eell«  by 
ataitiinii^  liiu  iotercelkiiar  HUbatance.    « V.  IJ.  llarri»,  ► 

vesselg  and  lymphatics  being  spindle-shaped  with  a  very  wavy  outline. 
They  inclose  a  clear,  oval  nucleus,  which^  when  the  cell  is  viewed  in 
profile,  is  seen  to  project  from  its  surface.  The  nuclei  are  not  however 
evident  unless  the  tissue  which  has  been  already  stained  in  silver  nitrate, 


THE   STRtrC 


THE   ELEMEK1 


ISSUES. 


in  another  dye,  such  m  ha?matoxylin,  which  has  the  property 

I  of  selecting  and  staining  its  ouclei. 
Endothelial  cells  in  certain  situations  may  be  ciliated,  e.//,,  those  of 
the  mesentery  of  the  frog,  especially  during  the  breeding  season. 


rig. »!.— A 

J" 


urfftce  of  Cfotml  tettdon  of  the  dinphrairrii  of  rabbits  Bhowiup::  ili* 
I  tape  of  I  he  eoilothvli&l  cells:  e&eh  i?vll  la  uueleott^i,    ( Kleiti, )     :<  i*"' 


f'livraJ 


Besides  the  ordinary  endothelial  cells  above  described,  there  are 
foand  on  the  omentum  and  parts  of  the  pleura  of  many  animals,  little 
bud-like  processes  or  nodules,  consisting  of  small  polyhedral  granular 
cells,  rounded  on  their  free  surface,  which  have  niultijilied  very  rapidly 
by  division  (figs*  22  and  23),  These  constitute  what  is  known  as  r/tr* 
mimxfinff  endofheHufti.  The  process  of  germinaliou  doubtless  goes  on 
in  health,  and  the  small  cells  which  are  thrown  o^  in  succession  are 


Xt«Q. 


ImrflMA  of  A  portion  of  the  septum  of  Uie^At  lymph'Sa*:©  of  tro^.    The 

'  which  »r»  opeu^  som^  oollapstHl,  are  surrouuded  by  endotllieliEiJ  cplla.    iKlelp.) 


carried  into  the  lymphatics  and  contribute  to  the  number  of  the  lymph 
corpuscles.  The  buds  may  be  enormously  increased  both  in  number 
and  size  in  certain  diseased  conditions* 

On  those  portions  of  the  peri  too  cm  m  and  otlier  seruus  membranes  in 
which  lymphatics  abound  apertures  (tig.  2:^)  are  found  surrounded  by 
small,  more  or  less  cubical,  cells.  These  apertures  are  called  stomal  a. 
They  are  particularly  well  seen  in  the  anterior  wall  of  the  great  lymph 
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Buc  of  tliD  frog  (fig.  22),  and  in  the  omeotem  of  the  rabbit     These  are 
reully  the  open  mouths  of  lymphatic  vessels  or  spaces,  and  through 


Pig,  as.— A  portfon  of  the  great  omenttim  of  dour,  which  iliowa.  araonjr  the  flat  eudotheliiim  of 
mf«ce,  amiai  ftud  large  groups  of  genniuatliig  eoih^hplitini  between  which  are  numy  «tamAta. 

ml.)     X  900. 

them  l3rmph-corpu8cles  and  the  serous  fluid  from  the  serous  cavitj  pass 
into  tho  lymphatic  system*  They  should  be  distinguished  from  smaller 
and  more  numerous  apertures  between  the  cells  which  are  not  lined  by 


Fig.  24. 


Fig  ». 


fig.  M.— A  nnaU  piece  of  the  lfT«r  of  tlie  bone.    (CadUi.) 
Fig. ».— GlAiwJuliir  epithelium.    SmaU  lobule  of  a  inuoous  gtond  of  the  Uwgw,  stMwtDg  do- 
ctetttod  glaodulu-  cells.    >;  m),    (T.  D.  Harris.) 

small  cells,  although  the  surrounding  cells  seem  to  radiate  from  them, 
filled  up  by  intercellular  substance  or  by  processes  of  the  cells  under- 
neath.    These  are  called  psendo^fmnata  (fig.  22), 
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the  neighborhood  of  tho  stomata  the  cells  often  manifest  indica- 
of  germinating.     They  may  he  either  large  with  two  or  more 

naclei,  or  about  half  the  size  of  the  generality  of  celk.     Germinating 

celk  of  Ibis  kind  or  of  the  kind  above  described,  are  generally  very 

gnnobr. 

Spheroidal  or  glandular  epiihelium  forms  the  active  secreting  agent 
the  glands,  the  cells  are  however  not  always  of  the  same  shape  but 
\y  be  besides  the  typical  spheroidal,  polyliedral  from  mutual  pressure, 

or  even  columnar. 

Examples  of  glandular  epithelium  are  to  be  found  in  the  liver  (fig. 

24),  in  the  secreting  tubes  of  tho  kidney,  and  in  the  salivary  (fig.  25) 

and  gastric  glands. 

Columnar  epitkdium  {fig.  *^8,  a  and  b)  m  a  single  layer  lines  (a*)  the 

mucous  membnine  of  the  stomach  and  intestines^  from  the  cardiac 


J 


Figr.M. 


Flff*  JMk— Columnar  epltheliAl  oetls  from  the  intestinaJ  muccHis  membnuie  of  a  est    a  and  b, 
lU  cells  of  tb©  low6«t  ikyer;  c,  superficial  layer;  ri,  ^AAei  *>»ll«.    (Cadlat.) 
FIff.  27,— Qoblet  ceUi.    C^leiD.) 

orifice  of  the  stomach  to  the  anus,  and  (b.)  wholly  or  in  part  the  ducts 
of  the  glands  opening  on  its  free  surface;  also  (c.)  many  gland*d«cts  in 

I  other  regions  of  the  body,  e.//.,  mammary,  salivary,  etc. 

Columnar  epithelium  consists  of  cells  which  are  cylindrical  or  pris- 
matic in  form  containing  a  large  oval  nucleus.  They  vary  in  size  and 
also  to  a  certain  extent  in  *^hape;  the  outline  is  often  jagged  and  irreg- 
ular from  pressure  of  neighboring  cells,  but  one  end  of  the  cell  is  always 
narrower  than  the  other,  and  by  this  narrower  end  the  cell  is  as  a  rule 
attached  to  the  membrjuie  beneath.  The  intracellular  and  intranuclear 
networks  are  well  developed,  and  in  some  cases  the  spongioplasm  is 
arranged  in  rods  or  longitudinal  stri*  at  one  part  of  the  cell,  generally 
the  attached  bonier,  as  in  some  of  the  cells  of  the  ducts  of  salivary 
glands. 

I  This  may  also  be  the  case  with  the  cohimnsir  epithelial  cells  of  the 
alimentary  canal  which  possess  an  apparently  structureless  layer  on 
their  free  surface:  such  a  layer,  appearing  striated  when  viewed  in  sec- 
tion, is  termed  the  ** striated  basilar  border"  (fig.  ti8,  a). 

The  protoplasm  of  coliunnar  cells  msiy  be  vacuolated  and  may  also 
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contain  fat  or  other  substttnees,  of  whicli  the  most  likely  is  mucin  or 
its  antecedent  jniicigen,  to  be  seen  in  the  form  of  granules.     It  is  to  the  \ 
presence  of  mucin  that  a  curious  transformation  which  columnar  cells  \ 
may  undergo  is  due,  and  from  which    the   alteration   in  their  shape  | 
whereby  **  goblet-cells  "  are  produced  (fig.  2T)  arises.     These  altered  cells  | 
are  hardly  ever  evident  in  a  perfectly  fresh  specimen;  but  if  such  a 
specimen  be  watched  for  some  time,  little  knobs  are  seen  gradually  to 
appear  on  the  free  surface  of  the  epithelium  and  are  finally  detached; 
these  consist  of  the  cell-contents  which  are  diecharged  by  the  open 
mouth  of  the  goblet,  leaving  the  nucleus  surrounded  by  the  remains  of 
the  protoplasm  in  its  narrow  stem. 

This  transformation  is  a  normal  process  which  is  continually  going 
on  during  life,  the  discharged  cell-contents  contributing  to  form  ntuctis, 


Fte.  88,— Vertical  **ectini:»  of  au  iiiUv^tiUj* I  villus,  of  &  chL.  ti.  The  slriuletl  ba^nar  borrler  of  the 
enpltbelJimi:  &,  oolunmar  epillielltnu:  r,  goblet  ct'lls:  J.  reutral  iymph-vfssrl;  f ,  unstrlTuvj  mu*»cylar 
flfores;  /,  adenoid  Btroma  of  the  viliua  in  which  are  contained  Ijmph  c^rpiieclea.    ( KIdti.  i 

the  cells  themselveB  being  supposed  in  many  cases  after  discharge  to 
recover  their  original  shape. 

Ciliafed  epifkeHum  consists  of  cells  which  are  generally  cylindrical 
in  form  (figs*  29,  30),  but  may  be  spheroidal  or  even  ahnost  squamous. 

This  form  of  epitlieliuni  liaea — (a,)  the  mucous  membrane  of  the 
respiratory  tract  beginning  just  beyond  the  nasal  aperture  and  com- 
pletely covering  the  nasal  passages,  except  the  upper  i>aTt  to  which  the 
olfactory  nerve  is  distributed,  and  also  the  sinuses  and  ducts  in  connec- 
tion With  it  and  the  lachrymal  sac;  the  upper  surface  of  the  soft  palate 
and  the  naso-pharynx,  tlie  Eustachian  tube  and  tympanum,  the  larynx, 
except  over  the  vocal  cords,  to  tlie  finest  tjubdivisiona  of  the  bronchi. 
In  part  of  this  tract,  however,  the  epithelium  is  in  several  layers,  of 
whicli  only  the  most  superficial  is  ciliated,  so  that  it  should  more  accu- 
rately be  torujed  transitional  (p.  35)  or  stratified*  (b.)  Some  portions 
of  the  generative  apparatus  in  the  male,  viz.,  lining  the  **  vasa  efierentia  '* 
of  the  testicle,  and  their  prolongiLtions  as  far  as  the  lower  end  of  the 
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epididymis;  in  the  femalo  (c.)  cotnmeiicing  uboot  the  middle  of  the 
neck  of  the  litems,  and  extending  throughout  the  uterus  and  Fiillopian 
tabes  to  their  fimbriated  extremities,  and  even  for  a  short  distance  on 
the  peritoneal  surface  of  the  hitter,  (d.)  The  ventricles  of  the  brain 
and  the  oentrul  eanal  of  the  spinal  cord  are  clothed  with  ciliated  epithe- 
lium in  the  child,  but  in  the  adult  this  epithelium  ia  limited  to  tlie 
central  c^nal  of  the  cord.  In  the  embryo  t]ie  pharynx.  cESOphagns,  and 
part  of  the  stomach  may  also  be  lined  with  ciliated  cells,  (e.)  The  ex- 
cretory ducts  of  certain  small  glands  in  different  localities,  (f*)  In 
certain  animals,  eBpeeially  the  h>wer  vcrtebnites,  ciliated  cells  line  the 
beginning  of  the  tubes  of  the  kidneys. 

The  Cilia  are  fine  hnir-like  processes  which  give  the  name  to  this 
▼ariety  of  epithelium;  they  vary  a  good  deal  in  size  in  different  classes 


n^.tt. 


Fi^.  m. 


rig.  9,— Spberoldm]  dll*t«d  c«Us  from  the  month  of  tbn  frog,    x  3«»  dlametera.    (ShArpey.) 
Fig.  80.— CHtoted  epitbelium  from  the  huuijia  tmchia.    lArg«.  fully  formed  eell.    6,  Shorter 
I;  c  dereilaptaig  caUa  wllh  more  than  one  Duelt* us.    iCAdiAt.^ 

t>f  animals^  being  very  much  smaller  in  the  higher  than  among  the 
lower  orders,  in  which  they  sometimes  exceed  in  length  the  cell  itself. 

The  number  of  cilia  on  any  one  cell  ranges  from  ten  to  thirty,  and 
those  attached  to  the  same  eell  are  often  of  different  lengths,  in  tho 
human  trachea  measuring  ^j^^  to  j^Vij  ^^  ^^  inch,  but  nearly  ton  times 
the  length  in  tho  cells  of  the  epididymis. 

The  cilia  themselves -are  fine  rounded  or  flattened  processes,  appar- 
ently homogeneous,  pointed  toward  their  free  extremities.  According 
to  some  obsen^ers  these  j) recesses  are  connected  through  intervening 
knob-like  junctions  with  longitudinal  fibres  which  puss  to  the  other 
end  of  the  cell,  hut  which  are  not  connected  with  the  nucleus. 

When  living  ciliated  epithelium^  e.g.,  from  the  gill  of  a  mussel,  or 
oyster,  or  from  the  mouth  of  the  frog,  or  from  a  scraping  frooi  a  polypus 
from  the  human  nose,  is  examined  under  the  microscope  in  a  drop  of 
0.6  per  cent  solution  of  common  salt  {normal  mUne  Mdulton),  the  cilia 
are  aeen  to  be  in  constant  rapid  motion,  each  cilkim  being  fixed  at  one 
^  end,  and  swinging  or  lashing  to  and  fro.     The  general  impression  given 
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to  the  eye  of  the  observer  is  very  similar  to  that  produced  by  waves  in  a 
field  of  corn,  or  swiftly  running  and  rippling  water,  and  the  result  of 
their  movement  is  to  produce  a  continuous  current  in  a  definite  direc- 
tion, and  this  direction  is  invariably  the  same  on  the  same  surface^ 
being  always,  in  the  case  of  a  cavity,  toward  its  external  orifice. 

Ciliary  Motion. — Ciliary,  which  is  closely  allied  to  amoeboid  and 
muscular  motion,  is  alike  independent  of  the  will,  of  the  direct 
influence  of  the  nervous  system,  and  of  muscular  contraction.  It  may 
contiune  for  several  hours  after  death  or  removal  from  the  body,  pro- 
vided the  portion  of  tissue  under  examination  be  kept  moist.  Its  inde- 
pendence of  the  nervous  system  is  shown  also  in  its  occurrence  in 
the  lowest  invertebrate  animals  apparently  unprovided  with  anything 
analogous  to  a  nervous  system,  in  its  persistence  in  animals  killed  by 
prussic  acid,  by  narcotic  or  other  poisons,  and  after  the  direct  applica- 
tion of  narcotics,  such  as  morphia,  opium,  and  belladonna,  to  the 
ciliary  surface,  or  of  electricity  through  it.  The  vapor  of  chloroform 
arrests  the  motion;  but  it  is  renewed  on  the  discontinuance  of  the 
application.  The  movement  ceases  when  the  cilia  are  deprived  of 
oxygen,  although  it  may  continue  for  a  time  in  the  absence  of  free 
oxygen,  but  is  revived  on  the  admission  of  this  gas.  Carbonic  acid 
stops  the  movement.  The  contact  of  various  substances,  e.^.,  bile,  strong 
acids,  and  alkalies,  will  stop  the  motion  altogether;  but  this  seems  to 
depend  chiefly  on  destruction  of  the  delicate  substance  of  which  the 
cilia  are  composed.  Temperatures  above  45°  C.  and  below  0°  C.  stop 
the  movement,  whereas  moderate  heat  and  dilute  alkalies  are  favorable 
to  the  action  and  revive  the  movement  after  temporary  cessation.  The 
exact  explanation  of  ciliary  movement  is  not  known;  whatever  may  be 
the  exact  cause,  however,  at  any  rate  the  movement  must  depend  upon 
some  changes  going  on  in  the  cell  to  which  the  cilia  are  attached,  as 
when  the  latter  are  cut  off  from  the  cell  the  movement  ceases,  and  when 
severed  so  that  a  portion  of  the  cilia  are  left  attached  to  the  cell,  the 
attached  and  not  the  severed  portions  continue  the  movement.  The 
most  probable  cause  of  the  movement  is  that  it  is  part  of  the  inherent 
power  which  protoplasm  possesses  and  that  the  cilia  are  but  prolonga- 
tions of  the  spongioplasm  of  the  cell.  It  has  been  suggested  by  Engel- 
mann  that  if  this  be  the  case,  the  contractile  part  of  the  protoplasm  is 
only  on  the  concave  side  of  a  curved  cilium,  and  that  when  this  con- 
tracts that  the  cilium  is  brought  downward;  where  relaxation  occurs, 
the  cilium  rebounds  as  if  by  the  elastic  recoil  of  the  remainder  or  convex 
border. 

As  a  special  subdivision  of  ciliary  action  may  be  mentioned  the 
motion  of  spermatozoa,  which  may  be  regarded  as  cells  with  a  single 
cilium. 
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(b)  Transitional  Epithelium. 

This  term  has  been  applied  to  cells,  which  are  neither  arranged  in  a 
ainglo  layer,  as  is  the  case  with  eimple  epithelium,  nor  yet  in  many 
guperimposed  strata  aa  in  laminated;  in  other  words,  it  is  employed 
when  epithelial  cells  are  found  in  two,  three,  or  four  superimposed 
layers. 

The  upper  layer  may  be  either  single  columnar,  columnar  ciliated, 
or  squamous.  When  the  upper  layer  is  columnar  or  ciliated  the  second 
layer  consists  of  smaller  cells  fitted  into  the  inequalities  of  the  cells 
above  them,  as  in  the  trachea  (fig.  *J0), 

The  epithelium  which  is  met  with  lining  the  urinary  bladder  and 
ureters  is,  however,  the  transitional  par  excellence.    In  this  variety  there 


Ftg.Sl. 


Fig.aa, 


Tig.  31.— EpttbeUimi  of  the  bladder,  a.  One  of  the  cells  of  the  nrtit  row ;  b.  a  cell  of  the  aeoond 
tow;  e,  o«sUs  m  ^riliA,  of  11  ret,  «>coiid,  and  dtst'ijent  layers.    (UbersreitK^r.) 

Fig.  S£.— Tnuiflitfooal  epltbelUL]  celU  from  u  scrapiiif  of  tbe  mueoiui  nieinbmn«  of  the  bladder  of 
the  rabbit    (y,  D.  Hania.) 

are  two  or  three  layers  of  cells,  the  upper  being  more  or  less  flattened 
according  to  the  full  or  collapsed  condition  of  the  org^an,  their  under 
aarface  being  marked  with  one  or  more  depressions,  into  which  the 
heads  of  the  next  layer  of  clwb-shapcd  cells  lit.  Between  the  lower  and 
narrower  parts  of  the  second  row  of  cells  are  fixed  the  irregular  cells 
which  constitute  the  third  row,  and  in  like  manner  sometimes  a  fourth 
row  (fig,  31),  It  can  be  easily  understood,  therefore,  that  if  a  scraping 
of  the  mucous  membrane  of  the  bladder  be  teased,  and  examined  under 
the  microscope,  cells  of  a  great  variety  of  forms  may  be  made  out  (fig* 
32).  Each  cell  contains  a  large  nucleus  and  the  larger  and  superficial 
cells  often  possess  two. 
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(c)  Stratified  Epithelium. 

The  term  stratified  epithelium  is  employed  when  the  cells  forming 
the  epithelium  are  arranged  in  a  considerable  number  of  superimposed 
layers.  The  shape  and  size  of  the  cells  of  the  diflerent  layers,  as  well 
as  the  number  of  the  layers,  vtiry  in  different  situations.     Thus  the 
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superficial  cells  are  us  a  rule  of  the  sqiitimoiis,  or  scaly  variety,  and  tha 
deepest  of  the  columnar  form. 

The  cells  of  the  intermediate  layers  are  of  different  shapes,  but  those 
of  the  middle  layers  are  more  or  less  rounded.  The  superlicijil  cells  are 
broad  and  overlap  by  their  edges  (figs.  33  and  34).     Their  chemical  com- 


Fig,  33.— SqiuuiWMls  epithelium  Bcaleii  from  the  inside  of  the  UKMith,    X  360.    CHenleO 

position  is  different  from  that  of  the  underlying  cells,  as  they  contain 
keratin,  and  are  therefore  horny  in  character. 

The  nucleus  is  often  not  apparent.  The  really  cellular  nature  of 
even  the  dry  and  shrivelled  scales  cast  off  from  the  surface  of  the  epi- 
dermis can  be  proved  by  the  appli€4ition  of  caustic  potash,  which  causes 
them  rapidly  to  swell  and  assume  their  original  form. 

The  squamous  ^ells  exist  in  the  greatest  numherof  layers  in  the  epi- 
dermis or  superficial  part  of  thp  skin;  the  most  superficial  of  these  are 
being  continually  removed  by  friction,  and  new  cells  from  below  supply 
the  place  of  those  cast  off. 

The  intermediate  cells  approjich  more  to  the  flat  variety  the  nearer 
ihey  are  to  tlie  surface,  and  to  the  columnar  as  they  approach  the  lowest 
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Fig.  34.— Vertical  eeeUan  of  the  Btratifled  epithelium  of  the  rabbit's  cornea,  o,  Anterior  epltb^ 
liuiD,  sfiowirifc  thtj  different  sbapea  of  tkw  ceU«  at  various  tleptliH  f  n:«na  the  free  Hurfac*?;  b^  a  portiuu 
of  th(?  mjb^tance  of  uortieft.    MCldUi,) 

layer.  There  may  be  considerable  intercellular  intervals;  and  in  many 
of  the  deeper  layers  of  epithelium  in  the  mouth  and  skin,  the  outline  of 
the  cells  is  very  irregular,  in  consequence  of  processes  passing  from  cell 
to  cell  across  these  intervals. 

Such  cells  (tig.  35)  are  termed  **  ridge  and  furrow/*  " cogged  "  or 
"  prickle  '^  cells.  These  '*  prickles  *'  are  prolongations  of  the  intracellular 
network  which  run  across  from  cell  to  cellj  thus  joining  them  together, 
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the  interstices  being  filled  by  the  transparent  intercellular  eement-sub- 
gtaxice-  When  this  incre^ises  in  quantity  in  inflHrnmntioii  the  cells  are 
pushed  further  apart,  Hiid  the  connecting  fibrils  or ''  prickles''  elongated 
and  therefore  more  ele^irly  visible. 

The  columnar  cells  of  the  deepest  layer  are  distinctly  nucleated;  they 
multiply  rapidly  by  division;  and  as  new  cells  are  formed  beneath,  they 
press  the  older  cells  forward  to  be  in  turn  pressed  forward  themselves 
toward  the  surface,  gradually  altering  in  shape  and  chemical  composition 
until  they  are  cast  olT  front  the  surface. 

Stratified  epithelium  is  found  in  the  following  situations:  (L)  Form- 
ing  the  epidermis,  covering  the  whole  of  the  external  surface  of  the  body; 
{2.)  Covering  tbe  mucous  membnme  of  tlienose,  tongue,  mouth,  pharynx, 
and  cBSOphagns;  {3.)  As  the  conjunctival  epitbelium,  covering  the  cor- 
BB;  (4.)  Lining  the  vagina  and  the  vaginal  part  of  the  cervix  uteri. 
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Fig,  aft.-Ja^Reii  ceUs  trom  the  middle  liiy*-rs  oi  |>  iveiix-nt  epJtheUum,  from  a  verticiil  aection  of  the 
gum  of  a  nevr-born  Ltifatit    OCl^^Q-l 

Functions  of  Epithelium.— According  to  function,  epithelial  cells 
may  be  classified  as*  (K)  Profecfive^  e.f/,,  in  the  skin,  mouth,  blood- 
Te&BelSf  etc,  (2.)  Profecfive  and  movi?if/ — filiated  epithelium,  (3.) 
•SVrre/t;«^— glandular  epithelium;  or,  Secreting  formed  elements^-epi- 
tbelium  of  testicle  secretiiig  spermatozoa.  (4.)  Proterfivt*  and  Htcretiftg, 
e.ff,,  epithelium  of  intestine.  (5)  iSenmrinK  e,t/*^  olfactory  cells,  rods  and 
cones  of  retina,  organ  of  Corti, 

Epithelium  forms  a  continuous  smooth  investment  over  the  whole 
body,  being  thickened  into  a  hard,  horny  tissue  at  the  points  most  ex- 
posed to  pressure,  and  developing  various  appendages,  such  as  hairs  and 
nails,  whose  stnicture  and  functions  will  be  considered  in  a  future  chapter. 
Epithelium  lines  also  the  sensorial  surfaces  of  the  eye,  ear,  nose,  and 
mouth,  and  thus  serves  as  the  medium  through  which  all  impressions 
from  the  external  world— touch,  snioll,  taste,  sight,  hearing— reach  the 
delicate  nerve  endings,  whence  they  are  conveyed  to  the  brain* 

The  ciliated  epithelium  which  lines  the  air- passages  serves  not  only 
I  &8  a  protective  investment,  but  also  by  the  movements  of  its  cilia  pro- 
^m  motes  currents  of  the  air  in  the  bronchi  and  bronchia,  and  is  enabled  to 
^M    propel  fluids  and  minute  particles  of  solid  matter  so  as  to  aid  their  ex- 
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pulsion  from  the  body.  In  the  case  of  the  Fallopian  tnbe^  this  agency 
assists  the  progress  of  the  ovum  toward  the  cavity  of  the  uterus.  Of  the 
purposes  served  by  cilia  in  the  ventricles  of  the  brain  nothing  is  known. 

The  epithelium  of  the  various  glands,  and  of  the  whole  intestinal 
tract,  has  the  power  of  secretion,  i.e.,  of  chemically  transforming  certain 
materials  of  the  blood ;  in  the  case  of  mucus  and  saliva  this  has  been 
proved  to  involve  the  transformation  of  the  epithelial  cells  themselves; 
the  cell-substance  of  the  epithelial  cells  of  the  intestine  being  discharged 
by  the  rupture  of  their  envelopes,  as  mucus. 

Epithelium  is  likewise  concerned  in  the  processes  of  transudation, 
diffusion,  and  absorption. 

It  is  constantly  being  shed  at  the  free  surface  and  reproduced  in  the 
deeper  layers.  The  various  stages  of  its  growth  and  development  can 
be  well  seen  in  a  section  of  any  laminated  epithelium  such  as  the  epidermis. 

II.  The  Connective  Tissues. 

This  group  of  tissues  forms  the  Skeleton  with  its  various  connections 
— bones,  cartilages,  and  ligaments -and  also  affords  a  supporting  frame- 
work and  investment  to  the  various  organs  composed  of  nervous,  mus- 
cular, and  glandular  tissue.  Its  chief  function  is  the  mechanical  one  of 
support,  and  for  this  purpose  it  is  so  intimately  interwoven  with  nearly 
all  the  textures  of  the  body  that  if  all  other  tissues  could  be  removed, 
and  the  connective  tissues  left,  we  should  have  a  wonderfully  exact  model 
of  almost  every  organ  and  tissue  in  the  body,  correct  even  to  the  small- 
est minutiae  of  structure. 

Structure  of  Connective  Tissues  in  General. 

Connective  tissue  is  made  up  of  two  chief  elements,  namely,  cells 
and  intercellular  substance, 

(A.)  Cells. — The  cells  are  of  two  kinds: 

(«.)  Fixed  Cells, — These  are  of  a  flattened  shape,  with  branched  pro- 
cesses, which  are  often  united  together  to  form  a  network :  they  can  be 
most  readily  observed  in  the  cornea,  in  which  they  are  arranged,  layer 
above  layer,  parallel  to  the  free  surface.  They  lie  in  spaces  in  the  inter- 
cellular or  ground  substance,  which  are  of  the  same  shape  as  the  cells 
they  contain,  but  rather  larger,  and  which  form  by  anastomosis  a  system 
of  branching  canals  freely  communicating  (fig.  36). 

To  this  class  of  cells  belong  the  flattened  tendon  corpuscles  which 
are  arranged  in  long  lines  or  rows  parallel  to  the  fibres  (fig.  42). 

These  branched  cells,  in  certain  situations,  contain  a  number  of  pig- 
ment granules,  giving  them  a  dark  appearance;  they  form  one  variety 
of  pigment  cell.  Branched  pigment  cells  of  this  kind  are  found  in  the 
outer  layers  of  the  choroid  (fig.  37).     In  many  of  the  lower  animals. 
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Bttch  aa  the  frog,  they  are  found  witlelj  distributed,  not  only  in  the 
akin,  but  al»o  iu  internal  parts,  ?\f/.,  the  mesentery  and  sheaths  of  blood- 
TesseU,  In  the  web  of  the  frog*{j  foot  such  cells  may  be  seen  with  pig- 
ment grannies  evenly  distributed  throughout  the  body  of  the  cell  and 
lU  processes;  but  under  the  action  of  light,  electricity,  and  other  stim- 
uli, the  pigment  granules  become  massed  lu  the  body  of  the  cell,  lojwing 
the  processes  quite  hyaline;  if  the  stimulus  be  removed,  they  will  grad- 
ttttlJy  be  distributed  again  throughout  the  proeefises.  Thus  the  skin  in 
the  frog  is  sometimes  uniformly  du^ky,  and  sometimes  cjuite  light-colored, 
with  isolated  dark  spots.  Iu  the  choroid  and  retina  the  pigment  cells 
absorb  light. 

(k)  Anmboid  Cells  of  an  approximately  spherical  shape;  they  have 
a  great  general  resemblance  to  colorless  blood-corpuscles,  with  which 


ns,  m-BoHjEotitAl  prep&ration  of  Um^  cornea  of  tvo^,  ataljitid  in  ginld  chloride;  «liowlni?  the 
neiwoflc  of  faniM^ed  ooroea  oorpi»cl««.   Th«  KTound  nbatAOoe  te  c5ompl«t«ly  colorleai.    x  <00. 


* 


I 


•ome  of  them  arc  probably  identical.  They  consist  of  finely  granular 
nucleated  protoplasm,  and  have  the  property,  not  only  of  changing  their 
form  but  also  of  moving  about,  lience  they  are  termed  migratorif.  They 
are  readily  distinguished  from  the  branched  connective-tissue  corpuscles 
by  their  free  condition,  and  the  absence  of  processes.  Some  are  much 
larger  than  others,  and  are  found  especially  in  the  sublingual  gland  of 
the  dog  and  guinea-pig,  and  in  the  mucous  membrane  of  the  intestine, 
A  second  variety  of  these  cells  called  phmna  ceils  are  larger  than  the 
amceboid  cells,  apparently  granular,  less  active  in  their  movements.  They 
are  chiefly  to  be  found  in  the  inter-musenlar  septa,  in  the  mucous  and 
6ub-mueons  coats  of  the  intestine,  in  lymphatic  glands,  and  in  the  omen- 
torn. 

(B.)  Intercellular  Substance.— This  may  be  fihrilhir,  as  in  the 
fibrous  tissues,  and  in  certain  varieties  of  cartilage;  or  hmwtjemous,  aa 
in  hyaline  cartihige. 
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The  fibres  compoBiDg  the  former  are  of  two  kinds — (a,)  White  fibres. 
(b.)  Yellow  elastic  fibres. 

(a.)  White  Fihr€,s\ — These  are  arranged  parallel  to  each  other  in  wary 
bundles  of  various  sizes;  such  bundles  may  either  haye  a  parallel  ar- 


•n* 


Fig,  m. 


Fip.  88. 


Fig.m. 


Flfr. »?.— RaniJfled  pigment  cells  Trrvm  tlic?  tiiHue  nf  th**  choroid  coat  of  the  eye.  X  860-  «i  Cell 
with  pigment;  b,  colorlesa  fusiforni  cells.    <K»Uliker, ) 

Fip.  :iK.— flat,  pigmented,  brauchfil  t^tjinjet-tive- tissue  t^lls  fmui  tht*  mlienth  of  a  largii  blood- 
vf«Kel  c>f  the  fro^'8  meseaCeiy:  tho  plfiinent  ia  not  fHstrlbijietl  unit ormlj  tlirou^'hout  the  substance 
of  the  larger  fell,  cKinapqutintly  sortie  iiartM  iif  it  lt)ok  hlacker  than  others  (unc»niracted  state).  In 
tilt*  two  MmalltT  cells  most  of  the  pigmfnt  is  witliclra^n  into  ihe  ct*ll-l*wJj',  so  that  th*y  appear 
smaller,  blacker,  anil  l«6a  branched,     x  3&0.     (Klein  and  Noble  tSiiiUh,  J 

Fi*:.  JJS.—FibroiJB  tissue  of  cornea,  flhowinif  bimtlle*  of  fibres  with  a  few  scattered  fusiforai  celli 
(a)  ]ying  in  the  iuUT-faJscicular  i^xiaees.     X  4^10.    <KI«?in  and  Nnltle  Hniith.) 

rangement  (fig.  39),  or  may  produce  quite  a  felted  texture  by  their  inter- 
kcement.  The  individual  fibres  composing  these  fasciculi  are  exceedingly 
fine,  varying  from  y^^^  to  ^jlww  ii^('li»  '-^'-i  nihr  ^o  t^jW  ram.,*  or  0.5  to 

Ifi,  homogeneous,  unbninched,  and  of  the 
same  diameter  throughout.  They  can  readily 
be  isolated  by  niaeerating  a  portion  of  white 
fibrous  tissue  (e.f/.,  a  small  piece  of  tendon) 
for  a  short  time  in  lime,  or  baryta-water,  or 
in  a  solution  of  common  aalt,  or  of  potassium 
permanganate:  these  reagents  possess  the 
power  of  dissolving  the  cementing  inter- 
fibrillar  substance  and  of  thus  separating  the 
fibres  from  each  other.  By  prolonged  boil- 
ing the  fibres  yield  gehdin. 

{Ik)  YeUnw  Elastic  Fibres  (fig.  40)  are  of 
all  sizes,  from  excessively  fine  fibrils,  ^il-^, 
inch,  op  to  fibres  of  considerable  thickness, 
j^i^  inch  {i>.,  from  about  l/i  to  6/*):  they 
are  distinguished  from  white  fibres  by  the 
following  characters:  (1.)  Their  great  |)ower 
of  resifitanee  even  to  the  prolonged  action  of  chemical  reagents,  e.^., 
caustic  soda,  acetic  acid,  etc.     (2.)  Their  well-defined   outlines.     (3.) 

*  Y^  millimetre  =^  1  micron,  which  is  represented  by  the  Greek  fi. 


I 


FIff.  40.— Elajrtie  fibres  from 
tlae  lli^meota  subflava,  x  SOO 
OharpeyJ 
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Their  great  tondency  to  braiieh  and  to  form  networks  by  anastoniosie. 

(4.)  Their  twisted  corkscrcw-liko  appearance,  and  that  their  free  ends 

I  usually  curl  up.     (5.)  Their  yellowish  tint  and  considerable  elasticity, 

f{il)  Their  resistance  to  ht^matoxyliu  and  similar  reagents,  and  tlieir 

Liffinity  for  magenta  and  other  aniline  staining  colors. 

These  fibres  yield  on  boiling  not  gelatin,  but  a  gelatinous  substance 
ficalled  elasiiju 

The  chief  varieties  of  connective  tissues  may  be  thus  classified ; 

I.   The  Fibrous  Connective  Tissues. 
A, — Chief  Forms. 

a.  White  fibrous. 

b.  Elastic. 
e.  Areolar.  I 

B. — Special  Varieties. 

a.  Gelatinous. 

b.  Adenoid  or  Reti form. 
c  Adipose. 

IL  Cartilage, 
IIL  Bone. 

L  F1HROU8  Connective  Tissuia 

A.^ClnefForms.—ia.)  White  Fibrous  Tissue. 

DistrihniiofL — It  is  found  typically  in  tendon;  also  in  ligaments,  in 

I  the  periosteum  and  perichondrium,  the  dura  mater,  the  pericardium, 

I  the  sclerotic  coat  of  the  eye,  the  fibrous  sheath  of  the  testicle;  in  the 

liasciaB  and  aponeuroses  of  muscles,  and  in   the  sheaths  of  lymphatic 

{lauds. 

Structure, — To  the  naked  eye  tendons  and  many  of  the  fihrons 
membmnes,  when  in  a  fresh  state,  present  an  appearance  as  of  watered 
silk*  This  is  due  to  the  arrangement  of  the  fibres  in  wavy  parallel  bun- 
dles. Under  the  microscope  the  tissue  appears  to  consist  of  long,  often 
parallel,  bundles  of  fibres  of  ditlerent  sizes.     The  fibres  of  the  same  bun- 

»dle  now  and  then  intersect  each  other.  The  cells  in  tendons  (fig,  42) 
we  arranged  in  long  chains  in  the  ground  substance  separating  the  bun- 
dles of  fibres,  and  are  more  or  less  regnkrly  quadrilateral  with  large 
round  nuclei  containing  nucleoli,  which  are  generally  placed  so  as  to  be 
■•contiguous  in  two  cells.  Each  of  these  cells  consist  of  a  thick  body, 
from  which  processes  pass  in  various  directions  into,  and  partially  fill 
up  the  spaces  between,  the  bunJles  of  fibres.  The  rows  of  cells  are 
separated  from  one  another  by  lines  of  cement  substance.  The  cell 
spaces  can  be  brought  into  view  by  silver  nitrate.     The  cells  are  gener- 
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nlly  marked  by  one  or  tiiure  lines  or  i^tripes  when  viewed  loDgitudiimlly, 
This  uppearanrse  is  really  produeotl  by  the  wing-like  processes  of  the 
cell  which  project  away  from  the  cliiof  part  of  the  cell  in  different  di- 
rections. These  processes  not  being  in  the  same  plane  us  the  body  of 
the  cell  are  out  of  focus  and  gire  rise  to  these  bright  stripes  are  looked 
at  from  above  and  are  in  focus. 

The  branched  chanieter  of  the  cells  is  seen  in  transverse  section  in 
fig.  43. 

(h)  Yellow  Elastic  Tissue. 

Dhfrilmiwn,~-ln  the  ligamentiim  nuchse  of  the  ox,  horse,  and  many 
other  animals;  in  the  ligaraenta  subflava  of  man;  in  the  arteries,  con- 
stituting tlie  fenestrated  coat  of  Henle:  in  veins;  in  the  lungs  and  tra- 


Fig.  41. 


Fig.  4a. 


FiK-  41.— Mature  white  flbrou*  tfgsue  of  iend<mi  oooslstliig  maUily  of  fibrB»  with  a  few  ecfttiert4 
fiiBiform  cells.    (Stncker.) 

Fi>?.  45,— Caudoi  tendon  of  young  rat,  sbowiiig  the  anrttngoment,  lorni.  aod  structure  of  ih» 
tendon  cells,     x  SOU.    t Klein,) 

chea;  in  the  stylo-hyoid,  thyro-hyoid,  and  crico-thyroid  ligaments;  in 
the  true  vocal  chords;  and  in  areolar  tissue. 

tSirucfnre.^Elmim  tissue  occure  in  various  forms,  from  a  structure- 
less,  elastic  membrane  to  a  tissue  whose  chief  constituents  are  bundles 
of  fibres  crossing  each  other  at  different  angles;  when  seen  in  bundles 
elastic  fibres  are  yellowish  in  color,  but  individual  fibres  are  not  so  dis- 
tinctly colored.     The  varieties  of  the  tissue  may  be  classified  as  follows: 

(a,)  Fine  elastic  fibrils,  which  branch  and  anastomose  to  form  a  net- 
work: this  variety  of  elastic  tissue  occurs  chiefly  in  the  skin  and  mucous 
niembraiies,  in  subcutaneous  and  submucous  tissue,  in  the  lungs  and 
true  vocal  cords, 

(k)  Thick  fibres,  sometimes  cylindrical,  sometimes  flattened  like 
tape,  which  branch,  anastomose  and  form  a  network:  these  are  seen 
most  typically  in  the  ligamenta  aubilava  and  also  in  the  ligamentum 
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nnchflB  of  snch  animals  as  the  ox  and  horse,  in  which  that  ligament  is 
largely  developed  (fig.  4UK 

(c.)  Elastic  membranes  with  perforatioue,  «'.//.,  Henle's  fenestnited 
membrane;  this  variety  is  found  chietiy  in  the  arteries  and  veins. 

(f/.)  Oontionous,  homogenous  elastic  niembranos,  e.g.,  Bowman*8  an- 
terior elastic  lamina  and  Descemet's  posterior  elastic  lamina,  both  in  the 
cornea. 

A  certain  number  of  flattened  connective-tiesue  cells  are  found  in 
the  ground  substance  between  the  elastic  fibres  whicli  make  up  this 
Turiety  of  connective  tissue* 

{c.)  Areolar  Tissue. 

Distribution* — ^This  variety  of  fibrous  tissue  has  a  very  wide  distribu- 


Fig.  4a. 


Fig,  41. 


F1s>  4a,^TnuuTei8a  Bectkm  of  tendoo  from  &  crotB  section  of  the  tall  of  a  rabbit.  §howUi|^ 
liibeaih,  ObrouB  lepta.  and  braached  oocineotlve-tlMue  oorpoacJcM.  The  8p«.oeH  left  whiit«  in  %h^ 
"^"nawioi;  repireseDt  the  teudinatw  flbrea  Id  Traitftwne  section.    X  S90.    (Kledn .) 

F%.  44.— Traosterve  aeotloQ  of  a  portion  of  Mg.  nuelin*.  ahowitig  the  outUtie  of  tbr  flbrea.    (After 


tiou  and  constitutes  the  subcutaneous,  subserous,  and  submucous  tissue. 
It  is  found  in  the  mucous  membranes,  in  the  true  skin,  and  in  the  outer 
sheaths  of  the  blood-vessels.  It  forms  sheaths  for  muscles,  nerves,  glands, 
and  the  internal  organs,  and  penetrating  into  their  interior,  supports 
and  connects  the  iine&t  parts. 

Structure, — To  the  ntiked  oyo  it  appears,  when  stretched  out,  as  a 
fleecy,  white,  and  soft  meshwork  of  fine  fibrils,  with  here  and  there  wider 
films  joining  in  it,  the  whole  tissue  being  evidently  elastic.  The  open- 
ness of  the  meshwork  varies  with  the  locality  from  which  the  specimen 
is  taken.  Under  the  microscope  it  is  found  to  be  made  up  of  fine  white 
fibres,  which  interlace  in  a  most  irregular  manner,  together  with  a  vari- 
able number  of  elastic  fibres.  On  the  addition  of  acetic  acid,  the  white 
fibres  swell  up,  and  become  gelatinous  in  appearance;  but  as  the  elastic 
fibres  resist  the  action  of  the  acul,  they  may  still  be  seen  arranged  in 
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rarioiis  directions,  sometimes  appearing  to  pass  in  a  more  or  less  circu- 
Ijir  or  spiral  nntnner  rouml  a  small  gelatinous  muss  of  changed  white 
fibres.  The  cells  of  the  tisane  are  not  arrancirod  in  a  very  regular  mun- 
ner,  as  they  are  contained  in  the  spaces  (areola?)  between  the  fibres. 
They  eommuniratej  however,  with  one  another  by  branched  processes, 
and  also  with  the  cells  forming  the  walls  of  the  capilhiry  blood-vessels 
in  their  neighborhood-  The  fibres  are  connected  together  with  a  certain 
amount  of  albuminous  cem^nf  substance. 

B,—iSpeciaI  Form.^  (tt,)  Gelatinous  Tissue. 

Distribidiou.^Geliitmons  connective  tissue  forms  the  chief  part  of 
the  bodies  of  jelly-fish  j  it  is  found  in  many  parts  of  the  human  embryo, 
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Tig.  45.  Fig.  4(1, 

Fig:.  45,— Tissue  of  the  |elly  of  Whnrton  from  umbilical  cord,  o.  Connective-tissue  coipuiclM; 
t»,  fasckuU  of  connfctive  tlwue^  e,  sphericaJ  fonimtivt?  cells.    {Fny,) 

Fig.  4B.— Pwtof  »aectloti  ol  «  fyiiiphatic  ^lan<i,  fmni  which  tlie  corfitiftcIeB  have  been  for  the 
inoit  part  remoTed,  oihowlEig  the  adenoid  reUcuiiim.    (Klein  unci  NiMde  8uiitb. ) 

but  remains  in  the  adult  only  in  the  vitreous  humor  of  thoeye.  It  may 
be  best  seen  in  the  last-named  situation,  in  the  **  Whartonian  jolly**  of 
the  umbilical  cord,  and  in  the  enamel  organ  of  developing  teeth. 

Structure,— li  consists  of  cells,  which  in  the  vitreous  humor  are 
rounded,  and  in  the  jelly  of  the  enamel  or^an  are  stellate,  imbedded  in 
a  soft  jelly-like  inter-cellular  substance  which  forms  the  bulk  of  the 
tissue,  and  which  contains  a  considenible  quantity  of  mucin.  In  the 
umliilicnl  cord,  that  part  of  the  jelly  immediately  surrounding  the  stel- 
hite  cells  shows  marks  of  obscure  fibrillation  (fig.  45). 

{h.)  Adenoid,  this  is  also  called  retlftfrm,  lijmptmd  or  lymphalic  tissue. 

Distributiofi,— This  variety  of  tissue  makes  uji  the  stroma  of  the  spleen 
and  lymphatic  ghmds,  and  is  found  also  in  the  thymus,  in  the  tonsils, 
in  the  follicular  glands  of  the  tongue,  in  Peyer*s  patches,  and  in  the  sol- 
itary ghinds  of  the  intestines,  and  in  the  mncous  membranes  genemlljpp 
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8iruciun\ — Adenoid  or  retiforoi  tissue  consists  of  a  very  delieute 
network  of  minute  fibrils,  formed  origiuullj  by  tbu  union  of  procesBes 
of  bninched  connective- tissue  corpuscles,  tbe  nuclei  of  which,  however, 
are  visible  only  during  the  early  periods  of  development  of  the  tissue 
(rtg.  46). 

The  tiQcIei  found  on  the  fibrillar  mesh  work  do  not  form  an  essential 
part  of  it.  The  fibrils  iire  neither  white  fibres  nor  cbistic  tissue,  as  they 
are  insoluble  in  boiling  water,  although  readily  soluble  in  hot  alkaline 
solutions.  The  lymphoid  eorjiuscles  found  in  the  interstices  of  the  tis- 
sne  are  small  round  cells,  the  protoplasm  of  which  is  practically  occupied 
by  their  spherical  nuclei. 

Development  of  Fibrous  Tissues. — In  the  embryo  the  place  of 
the  fibrous  tissues  is  at  first  occupied  by  a  mass  of  roundish  cells,  de- 
rived from  the  **  inesoblast/' 


\  47.^POTtioo  of  subniycous  tissue  of  (irt^Ttd  uterus  of  «ow,    a,  Braocbed  ceUa,  more  or  leot 
flpJodle-AhAped;  b,  buodlcAoC  connective  tissue.    (Klein J 

These  develop  either  into  a  network  of  branched  cells  or  into  groiipa 
of  fusiform  cells  (tig.  47). 

The  cells  are  imbedded  in  a  semi-fluid  albuminous  substance  derived 
either  from  the  cells  tiiemselves  or  from  the  neighboring  blood-vessels; 
this  afterward  forms  the  cement  substance.  In  it  fibres  are  developed, 
either  by  some  of  the  cells  becoming  fibrils,  the  others  remaining  as  con- 
nective-tissue corjuiseles,  or  by  the  fibrils  being  developed  from  the  out- 
ride layers  of  the  protoplasm  of  the  cells,  wdiich  grow  up  again  to  their 
original  size  and  remain  imbedded  among  the  fibres.  Tlie  process  gives 
rise  to  fibres  arntu ged  in  the  one  case  in  interlacing  networks  (areolar 
tissue),  in  the  other  in  parallel  bundles  (white  fibrous  tissue).  In  the 
mature  forms  of  purely  fibrous  tissue  not  only  the  remnants  of  the  celU 
substance,  but  even  t!ie  nuclei,  may  disappear.  The  embryonic  tissue, 
from  which  efa^slk  fibres  are  developed,  is  composed  of  fusiform  cells, 
and  a  structureless  intercellular  substance  by  the  gradual  fibrillation  of 
which  elastic  fibres  ore  fornietl.  The  fusiform  cells  dwindle  lu  dze  and 
eventually  disappear  so  completely  that  in  mature  elastic  tissue  hardly 
a  trace  of  them  is  to  be  found :  meanwliile  the  elastic  fibres  steadily  in- 
crease in  size. 


46  HANDBOOK   OF   PHYSIOLOGY. 

Another  theory  of  the  development  of  the  connective-tissue  fibrils 
supposes  that  thej  arise  from  deposits  in  the  intercellular  substance  and 
not  from  the  cells  themselves;  these  deposits^  in  the  case  of  elastic  fibres, 
appearing  first  of  all  in  the  form  of  rows  of  granules,  which,  joining  to- 
gether, form  long  fibrils.  It  seems  probable  that  even  if  this  view  be 
correct,  the  cells  themselves  have  a  considerable  infiuence  in  the  pro- 
duction of  the  deposits  outside  them. 

Functions  of  Areolar  and  Fibrous  Tissue. — The  main  function 
of  connective  tissue  is  mechanical  rather  than  vital:  it  fulfils  the  subsid- 
iary but  impoi-tant  use  of  supporting  and  connecting  the  various  tissues 
and  organs  of  the  body. 

In  glands  the  trabeculae  of  connective  tissue  form  an  interstitial 
framework  in  which  the  parenchyma  or  secreting  gland-tissue  is  lodged : 
in  muscles  and  nerves  the  septa  of  connective  tissue  support  the  bundles 
of  fibres  which  form  the  essential  part  of  the  structure. 

Elastic  tissue,  by  virtue  of  its  elasticity,  has  other  important  uses: 


Fig.  48.— Ordinary  fat  cells  of  a  fat  tract  in  the  omentum  of  a  rat.    (Klein.) 

these,  again,  are  mechanical  rather  than  vital.  Thus  the  ligamentum 
nuchaB  of  the  horse  or  ox  acts  very  much  as  an  India-rubber  band  in  the 
same  position  would;  being  stretched  when  the  head  is  lowered  for 
feeding  or  other  purposes  and  aiding  the  muscles  materially  afterward 
by  its  contraction,  in  raising  the  head  to  its  normal  position  and  keeping 
it  there. 

(c.)  Adipose  Tissue. 

Distribution, — In  almost  all  regions  of  the  human  body  a  larger  or 
smaller  quantity  of  adipose  or  fatty  tissue  is  present;  the  chief  excep- 
tions being  the  subcutaneous  tissue  of  the  eyelids,  penis,  and  scrotum, 
the  nymphae,  and  the  cavity  of  the  cranium.  Adipose  tissue  is  also  absent 
from  the  substance  of  many  organs,  as  the  lungs,  liver,  and  others. 

Fatty  matter,  but  not  in  the  form  of  a  distinct  tissue,  is  also  widely 
present  in  the  body,  e.g.,  in  the  liver  and  brain,  and  in  the  blood  and 
chyle. 

Adipose  tissue  is  almost  always  found  seated  in  areolar  tissue,  and 
forms  in  its  meshes  little  masses  of  unequal  size  and  irregular  shape,  to 
which  the  term  lobules  is  commonly  applied. 
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Strurt n re. —Vnder  the  microscope  adipose  tissue  is  fouiid  to  consist 
essentially  of  little  vesicles  or  cells  whirh  present  dark,  sharply-defiued 
edge^  when  viewed  with  transmitted  light:  they  are  about  jj^  or  jjj^  of 
nn  inch  in  diameterj  each  consisting  of  a  structureless  and  colorless 
memhrane  or  bag  formed  of  the  remains  of  the  original  protophism  of 
the  coll,  filled  with  fatty  matter,  whicli  is  liquid  during  life,  but  in  part 
solidified  after  death  {fig.  48).  A  nucleus  is  always  present  in  some  part 
or  other  of  the  cell -protoplasm,  but  in  the  ordinary  condition  of  the  cell 
it  is  not  easily  or  always  visible  (fig.  4I>). 

This  membrane  and  the  nucleus  can  generally  be  brought  into  view 
by  Btaining  the  tissue:  it  can  be  still  more  satislaetonly  demonstrated 
by  extracting  the  contents  of  the  fat-cells  with  ether,  when  the  shrunken* 
ahri veiled    membranes   remain    behind.     By  mutual  pressure,  fat-cells 


Fig",  4{).— Oroupof  fat  oelto  fr  c)  with  cuplUjiry 


<c).    (Noble  Smith,) 


com©  to  assume  a  polyhedral  figure  (fig.  49).  When  stained  with  osmic 
acid  fat-cells  appear  black. 

The  ultimate  cells  are  held  together  by  capillary  blood-vessels  (fig. 
50);  while  the  little  clusters  thus  formed  are  grouped  into  small  masses, 
and  held  so,  in  most  cases,  by  areolar  tissue. 

The  oily  matter  contained  in  the  cells  is  composed  chiefly  of  the 
compounds  of  fatty  acids  with  glycerin,  which  are  named  olnHf  sfmrin, 
and  palhiifin. 

Development  of  Adipose  Tissue. — Fat  cells  are  developed  from 
connective-tissue  corpuscles:  in  the  infra-orbital  connective-tissue  cells 
may  be  found  exhibiting  every  intermediate  gradation  between  an  ordi- 
nary branched  connective-tissue  corpuscle  and  mature  fat-celL  The 
process  of  development  is  as  follows:  a  few  small  drops  of  oil  make  their 
appearance  in  the  protoplasm  and  by  their  confluence  a  larger  drop  is 
produced  {fig.  51):  this  gnidually  increases  in  size  at  the  expense  of  the 
original  protoplasm  of  the  cell,  which  becomes  correspondingly  dimin- 
ished in  quantity  till  in  the  mature  cell  it  only  forms  a  thin  crescentic 
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£]ni,  cloBely  presied  againat  the  cell-wall,  and  with  a  nadeus  imbedded  _ 
m  itfi  substaDce  (figs.  48  and  49). 


FIjT.  50.— Blood  f****©!*  of  mltpn*©  IL^iue,    a,  M^nut^  Jl  :U.\  in  which  the  reitsrls 

anly  are  rt?iirtH»'fjrt^l.    o.  The  terminal  artery;  t%  the  prim  '  r  vesidt^  *'f  onf  U>nler 

of  ihi«  Uibuii^  fie^MU-ittt^ly  t^pn<i»ente*l.     <  HiiL    b.  Plan  of  rn  -i  the  t-apillariej* 'ci -jii 

tha  exterioi-  of  the  reside* ;  more  highly  niagniflecL    (Todd  mi >i  B*  m  m m  j 

Under  certain  circiimstaneeg  this  process  may  be  reversed  and  fat- 
cells  may  be  changc'd  back  into  cuiiDective-tissue  corpuscles. 


Fig.  51 


Tig.m, 


Fig.  51.— A  lobule  of  develnpin*?  adJ[>ose  tlwue  frfiiti  ao  ei«lit  iiioiiths*  fcptus.  a.  Spherical  or, 
from  pressure,  |M>lyh«lrftl  et'lla  with  Ixirge  centmt  DticUnij*.  burrow ni;le<l  by  a  finely  retJculAled  sub- 
fttftOOB  itAiiiiii^  uuiforuilv  with  haTiiaUtxyliij.  ^,  8imilnr  eHlswiih  fipact«i  fr^jTii  wblcb  the  fat  has 
been  rtonjoied  by  oil  of  tirivw.  *-,  Sin^ilar  ct'\U »ho^ Oi^  imw  t^jo  nyeliMis  vr irii  incioclngpircioplAsiii 
li  being pr«iB»H]  toward  periphery,  ti,  NucieuHuremluUieUumof  hiveiitiiigcapilLsriet*  (JteCvtllif.} 
Drawn  hy  Twvcw. 

Fig.  6:^.— Branched  eonnocdre-Ujwue  corpusvle*,  developing  into  fat-oeUs,    (KMb.) 

Vessels  and  Nerves* — ^A  large  la umber  of  blood-vessels  are  found 
in  adipose  tissue,  wliirh  subdivide  until  each  lobule  of  fat  contains  a 
fine  meshwork  of  capillaries  eualieathingeiicli  individual  fat-globule  (fig. 
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Although  nerve  fibres  pasg  through  the  tissue,  no  nerves  hare  been 
demoiiBtrated  to  terminate  in  it. 

The  Uses  of  Adipose  Tissue.— Among  the  uses  of  adipose  tissue 
thetie  are  the  rhief : — 

a.  It  serves  us  a  store  of  combustible  matter  which  maybe  reabsorbed 
into  the  blood  wLen  occaBion  requires,  and,  bei?ig  used  up  in  tbe  metu* 
boiii^m  of  the  tissues*  may  help  in  preserve  the  heat  of  the  body. 

6.  That  purt  of  the  fat  which  is  situate  beneath  the  skin  muat^  by 
its  mmnt  of  conducting  power,  iiss is t  in  preventing  undue  waste  of  the 
beat  of  the  body  by  escape  from  the  surface, 

r.  Ais  a  packing  material,  fat  serves  very  admirably  to  fill  up  spaces, 
to  form  a  soft  and  yielding  yet  elastic  nijitoriul  wli  ere  with  to  wrap  ten- 
der and  delicate  structures,  or  form  a  bed  with  like  qualities  on  which 
«nch  straetures  may  lie,  not  endangered  by  pressure.  As  examples  of 
sitaationa  in  which  fat  serves  such  purposes  may  be  mentioned  the  palms 
of  the  bands  and  soles  of  the  feet  and  the  orljit^. 

d.  In  the  long  bones  fatty  tissue,  in  the  form  known  as  yellow  mar- 
row, fills  the  medullary  canal,  and  supports  the  small  blood-vessels  which 
are  distributed  from  it  to  the  inner  part  of  the  substance  of  the  bone. 


11.  Cartilage. 


GenernJ  Strncfure  of  Cartihtije. — Alt  kinds  of  cartilage  are  composed 
of  ceUa  imbedded  in  a  substance  called  the  matrix:  the  apparent  ditFcr- 
ences  of  structure  met  with  in  the  viirious  kinds  of  curtilage  are  more 
due  to  differences  in  the  character  of  the  matrix  than  of  the  cells. 
Among  the  latter,  however,  there  is  also  considerable  diversity  of  form 
and  size. 

With  the  exception  of  the  articular  variety,  cartilage  is  invested  by  a 
thin  but  tough  firm  fibrous  membrune  called  the  perichomlrijirtK  On 
the  surface  of  the  articular  cartilage  of  the  fcetus,  tbe  perichondrium  is 
represented  by  a  film  of  e}>itlieUuui;  but  this  is  grjuUnilly  worn  away 
np  to  the  margin  uf  the  artlcuhir  snrfuces  when  by  use  the  parts  begin 
to  suffer  friction. 

Xerves  are  prohubly  not  supplied  to  any  variety  of  cartilage. 

Cartilage  exists  in  three  diiTereiit  forms  in  the  Imumn  body,  viz.,  1, 
Ifi^afine  cartilage,  2,  Yellmo  elastiC'CaHilage,  and  3,  White  fibrO'Cartilaije. 

1.  Hyaline  Cartilage. 

fhfitrihHtioH, — This  variety  of  cartilage  is  met  with  largely  in  the 
human  body^ — investing  the  articular  ends  of  bones,  and  forming 
the  costal  cartilages,  the  nasal  curtilages,  and  those  of  the  larynx  with  the 
exception  of  the  epiglottis  and  eornieula  hirytigis,  as  well  as  those  of 
the  trachea  and  hronclii. 

Struvture. — Like  other  cartilages  it  is  composed  uf  culls  iuibedded  in 
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a  matrix.  The  cells,  which  contain  a  nucleus  with  nncleoli^are  irregular 
in  shape,  and  generally  grouped  together  in  patches  (fig,  53).  The 
patches  are  of  various  shapes  and  eize^  and  platted  at  iineqiril  distances 
apart.  They  generally  appear  flattened  near  the  free  surface  of  the 
mass  of  earlilagc  in  which  they  are  placed  and  more  or  less  perpendicular 
to  the  surface  in  tlic  niore-deeply  seated  portions. 

The  matrix  of  hyaline  cartilage  has  a  dimly  granular  appearance  like 
that  of  ground  glass,  and  in  man  and  the  higher  an i mala  lias  no  appar* 
ont  structure.  In  some  cartilages  of  the  frog,  however,  even  when  ex- 
amined in  the  fresh  state,  it  is  seen  to  he  mapped  out  into  polygonal 
blocks  or  cell-territoriesj  each  containing  a  cell  in  the  centre,  and  repre- 
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FI|f.  68.— OTdliiiii7  liy&Ujie  cartilafr^  from  tnchea  of  a  child.    Tlir  c«rtilii«  celto  mn  IdcI 
"*-  or  to  fMiLirs  In  »  cap^jle  of  liyalin*'  ^ubHtAUioe.    >C  isadliuiift.    (Klein  and  Noble  Sinf*^  ^ 
.  5i.— PPBBti  Cttrti W«  f TOfi X  the  Tri t on.     (A .  RoUelt . ) 


acnting  what  is  generally  called  the  capsule  of  the  cartilage  cells  (fig. 
54).  Hyaline  cartilage  in  man  has  really  the  same  structure,  which  can 
be  demonstrated  by  the  use  of  certain  reagents.  If  a  piece  of  human 
hyaline  cartilage  be  macerated  for  a  long  time  in  diluted  acid  or  in  hot 
water  35'*-45*'  C,  {95''-113°  R),  the  matrix,  which  previously  appeared 
quite  homogeneous,  is  found  to  be  resolved  into  a  nnniber  of  concentric 
lamellse^  like  the  coats  of  an  onion,  arranged  round  each  cell  or  group 
of  cells.  It  is  thus  shown  to  consist  of  nothing  but  a  number  of  large 
ays  terns  of  capsules  which  have  become  fused  with  one  another. 

The  cavities  in  the  matrix  in  which  t]ie  fells  lie  are  coTinected  to- 
gether by  a  series  of  branching  canals,  very  much  resomhling  those  in 
the  cornea:  through  these  canals  fluids  may  make  their  way  into  the 
depths  of  the  tissue. 

In  the  hyaline  cartihige  of  the  ribs  the  cells  are  mostly  larger  than 
in  the  articular  variety  and  there  is  a  tendency  to  the  development  of 
fibres  in  the  matrix  (fig.  55).    The  costal  cartilages  also  frequently  bo- 
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le  ealcitied  in  old  age,  as  also  do  somD  of  thoee  of  the  kryux. 
globules  limy  also  bo  seen  in  many  cartilages  (fig.  5*3). 

In  artiealar  cartilage  the  cells  are  snialler  and  arranged  vertically  in 
narrow  lines  like  strings  of  beads. 

In  the  foetus  cartilage  is  the  material  of  which  the  bones  are  first 
constructed:  the  "model"  of  each  bone  being  laid  down,  so  to  spealc, 
in  this  substance.  In  «uch  cases  the  cartilage  is  termed  femporary.  It 
closely  resembles  the  ordinary  hyaline  kind;  the  cells,  however,  are  not 
grouped  together  after  the  fashion  just  described,  but  are  more  uniformly 
^distributed  throughout  the  mutrix, 
^fe      A  variety  of  temporary  hyaline  cartilage  which  has  scarcelv  any  ma- 
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Fig.  55.— CcMUl  caitUafce  from  an  aduli  dof^,  showing  the  fat  giobul«9  In  the  cartilage  eetU. 
Flg:aa.--VelloirelutlccartilaKv,    iCadiatj 

trix  is  found  in  the  human  subject  and  in  the  higher  animals  generally, 
id  early  fcetal  life,  when  it  constitutes  the  rhunia  (hranUa, 

XutHiiiiit, — Ilytiliue  cartilage  is  reckoned  among  the  so-c^alled  non- 
vtiscuhr  structures,  no  blood-vessels  being  supplied  directly  to  its  own 
substance;  it  is  nourished  by  those  of  the  bone  beneath.  When  hyaline 
cartilage  is  in  thicker  masses,  as  in  the  case  of  the  cartilages  of  the  ribs, 
a  few  blood-vessels  tniverse  it8  substance.  The  distinction,  however, 
between  all  so-called  vascular  and  nun-vasvnhir  parts  is  at  the  best  a 
very  artificial  odo. 

2.  Yellow  Elastic  Cartilage. 

Disfrifmfion. — In  the  external  ear»  in  the  epiglottis  and  comicula 
laryngis,  and  in  the  Eustarhinn  tube. 

Struelure, — The  cells  in  this  variety  of  cartilage  are  rounded  or  oval, 
with  well-marked  nuclei  and  nucleoli  (lig.  56).  The  matrix  in  which 
they  are  seated  is  composed  almost  entirely  of  fine  elastic  fibres,  which 
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form  an  intricate  interlacenient  about  the  cells,  and  in  their  general 
chanicters  are  ullied  to  the  yellow^  variety  of  fibrous  tissue:  a  small  and 
variable  quantity  of  hyaline  intercelhiliir  substance  is  also  usually  present. 

A  variety  of  clustio  cartiliige,  sometimes  called  cellular j  is  found  to 
form  the  framework  of  the  external  cars  of  rats,  mice,  or  other  small 
mammals.  It  is  composed,  as  its  name  implies,  almost  entirely  of  cells 
which  are  packed  very  closely  with  little  or  no  matrix.  When  present 
the  matrix  consists  of  very  fine  fibres  which  twine  about  the  cells  in 
various  directions  and  inclose  them  in  a  kind  of  network.  Elastic  car- 
tilage seldom  or  never  ossifies, 

3,  White  Fibro-Cartilage. 

Distnhniion, — White  tibro-c-artilage  is  found  to  occur: — 

1.  As  infer-arfkidar  tibro-c-artilage^  ejf,^  the  semilunar  cartilages  of 
the  knee-joint. 

2.  As  cirmmferential  or  marginal  cartilage,  as  on  the  edges  of  tlie 
acetabulum  and  glenoid  cavity. 

3.  Aa  conneciing  cartilage,  e.g.,  the  inter- vertebral  fibro-cartilages. 

, ,  ,  4,  In  the  .'^heaih^  of  ffndons  and  some- 

^rj^^\;/^vV^^;.;  V,  ,  •      times  in  their  substance.     In  the  latter  situ- 

t%'V      ,    I  ,  '  '    n'  !|     ation  the  nodule  of  fibro-cartilMge  is  called  a 

^  r    '    ;        ^if^stufioid  fibro-cartihige^  of  which  a  specimen 


AH  at 


matrix 


Tig.  57.— White  flbro-cftrtllttge.    fCadiat) 

Fig.  fiS.— Wlilto  flbro-c&rtil4ge  from  aa  iDter-TertebnU  liRametit.    (Klelo  and  Koble  Bmlth«> 

inajbe  found  in  the  tendon  of  the  tibialis  posticus  in  the  sole  of  the  foot, 
and  usually  in  the  neighboring  tendon  of  the  peroneus  longus. 

SlrucfHn\ — ^ White  fibro-cartilage  (fig.  5H),  which  is  much  more  widely 
distributed  throughout  the  body  than  the  foregoing  kind,  is  composed, 
like  it,  of  cells  and  a  matrix;  the  hitter,  however,  being  madij  up  almost 
entirely  of  fibres  closely  resembling  those  of  white  fibrous  tissue. 

In  this  kind  of  filiro-cartilage  it  is  not  unusual  to  find  a  great  part 
of  its  mass  composed  almost  exclusively  of  fibresjand  deriving  the  name 
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I  of  cartilage  only  from  the  fuct  that  in  another  portion,  continuous  with 
,  curtilage  cells  may  be  pretty  freely  distributed. 

By  prolonged  boiling,  cartilage  yields  a  substance  called  chondrin — 
which  gelatinizes  on  cooling.  The  cells  of  white  fibro-oartilage  are  as  a 
rule  rounded  or  somewhat  flattened  but  in  some  places  are  distinctly 
bnincbed. 

Functions  of  Cartilage.— Cartilage  not  only  represents  in  the 
fcptus  the  bones  which  are  to  be  formed  (temporary  vuftilagc)  but  also 
offers  a  firm,  y^t  more  or  le«8  yielding,  framework  for  certain  parts  in 
the  developed  body,  possessing  at  the  same  time  strength  and  elasticity. 
It  maintains  the  shape  of  tubes  as  in  the  larynx  and  trachea.  It  affords 
attachment  to  muscles  and  ligaments;  it  binds  bones  together,  yet  allows 
a  certain  degree  of  movement,  as  between  the  vertebra;  it  forms  a  firm 
framework  and  protection,  yet  without  undue  gtiffness  or  weight,  as  in 
the  pinna,  larynx,  and  chest  walls;  it  deepens  joint  cavities,  us  in  the 
acetabulum,  without  unduly  restricting^  the  movements  of  the  bones. 

Development  of  Cartilage. — Cartilage  is  developed  out  of  an  em- 
bryonal tissue,  consisting  of  cells  with  a  \^ry  small  quantity  of  intercel- 
lular substance:  the  cells  multiply  by  fission  within  the  cell-capsules, 
while  the  capsule  of  the  parent  cell  becomes  gradually  fused  with  the 
surrounding  intercellular  substance.  A  repetition  of  this  process  in  the 
young  cells  causes  a  rapid  growth  of  the  cartilage  by  the  multiplication 
of  its  cellular  elements  and  corresponding  increase  in  its  matrix.  Thus 
we  see  that  the  matrix  of  cartiluge  is  chiefly  derived  from  the  cartilage 
cells. 


IIL  BoiTE. 


H       Chemical  Composition.'--Bone  is  composed  of  earthij  and  animal  mat- 

H  ter  in  the  proportion  of  about  67  per  cent  of  the  former  to  33  per  cent 

"  of  the  latter.     The  earthy  matter  is  composed  chiefly  of  valeium  phos- 

phafe,  but  besides  there  is  a  small  rjuantity  (about  II  of  the  67  per  cent) 

of  cttlcittTri  carlmnnte  and  ralrluw  Jftfon'de^  and  fnftfffie.siujn  phospha/a, 

■  The  animal  matter  called  vnlhig^n  is  resolved  into  gelatin  by  boiling. 
The  earthy  and  animal  constituents  of  bone  are  so  intimately  blended 
and  incorporated  the  one  with  the  other  that  it  is  only  by  chemical 
action,  as  for  instance  by  heat  in  one  case  and  by  the  action  of  acids  in 
another,  that  they  can  be  separated.  Their  close  union  too  is  further 
shown  by  the  fact  that  when  by  acids  the  earthy  matter  is  dissolved  out, 
or  on  the  other  hand  when  the  animal  part  is  burnt  out,  the  shape  of 
the  bone  is  alike  preserved. 

The  proportion  between  these  two  constituents  of  bone  varies  in 
different  bones  in  the  same  individual  and  in  the  same  bone  at  different 


ages. 


Structure. — To  the  naked  eye  there  ajjpear  two  kinds  of  structure 
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in  different  bones,  and  in  different  parte  of  the  same  bone,  namely,  the 
dejisc  or  compari,  and  the  spoufiy  or  (mfwellous  tissue. 

Thus,  in  making  a  longitudinal  Bection  of  a  long  bone,  as  the 
humerus  or  femnr,  the  articnkr  extremities  are  found  capped  on  their 
surface  by  a  thin  shell  of  compact  bone,  while  their  interior  is  made  up  ■ 
of  the  spongy  or  cancellous  tissue.  The  shfiff,  on  the  other  hand,  is 
formed  almost  entirely  of  a  thick  layer  of  the  compact  bone,  and  tins 
surrounds  a  central  canal,  the  medullary  cavity — so  called  from  its  con-  ■ 
tiiining  the  mtduUa  or  marrow. 

In  the  flat  bones,  as  tlie  parietal  bone  or  the  scapula,  one  layer  of  the 
cancellous  structure  lies  between  two  layers  of  the  compact  tissue,  and 
in  the  short  and  irregular  bones,  as  those  of  the  carpju  and  tarsus,  the 
cuneellous  tissue  alone  tills  the  interior,  while  a  thin  shell  of  compact 
bone  forms  tlie  onteide.  M 

Marrow:— There  are  two  distinct  varieties  of  marrow — the  red  and    " 


gel  low. 


Flsr.  ftfl- — C'<*ll8  of  tho  red  marrow  of  the  (sruiiiea-pij?,  hijtrhlr  nia^uifleH:].  a,  A  larKC  tell,  the  nu- 
ckuB  of  which  appears  to  be  partly  tlivitleii  joio  Ihive hy  etmatrlet io.iei  h.  a  wll.  rhe inich*y» of  which 
fthowR  &n  nppearaiK^'  of  beln^  constrict w1  tnro  a  nunilipr  of  sinftllfr  iniclei;  r,  a  snM^nilt^l  ^ant  cell, 
or  myelopmxie,  with  mAQT  nuclei;  d^  a  tauiilier  myelo-plajce,  with  three  nuclei;  e-i,  proper  cells  of 
theomrrow.    CE,  A.  BchAfer.) 


Fed  marrow  is  that  variety  which  occupies  the  spaces  in  the  cancel- 
lous tissue;  it  is  highly  viiscnlaTj  and  thus  maintains  the  nutrition  of 
the  Bpougy  bone,  the  interstices  of  ivbich  it  fills.  It  contains  a  few 
fat-cells  and  a  large  number  of  marrow-cells,  many  of  which  are  undis- 
tinguishable  from  lymphoid  corpuscles,  and  has  for  a  basis  a  small 
amount  of  fibrous  tissue.  Among  the  cells  are  some  nucleated  colls  of 
very  much  the  same  tint  as  colored  blood-corpuselea.  There  are  also 
a  few  large  cells  with  many  nuclei,  termed  f/itiffi-celh  or  nnfeloplax€i<^ 
which  are  derived  from  over-growth  of  the  ordinary  marrow-cells 
(fig.  59). 

Yellow  marrow  fills  the  medullary  cavity  of  long  bones,  and  consists 
chiefly  of  fat-cells  with  nnmerous  blood-vessels;  many  of  its  cells  also 
are  in  every  respect  similar  to  lymphoid  corpuscles. 


I 
I 
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From  these  murrow^cells,  pspecially  tbose  of  the  red  marrow,  arc  de- 
rived, as  we  shall  presently  fihow,  hirge  quantities  of  red  blood-corpuscles* 
Periosteum  and  Nutrient  Blood-vessels.— The  surfaces  of  bones, 

i  except  the  part  covered  with  urticular  cartilage,  are  clothed  by  a  tough, 
fibrous  membrane*  the  pfriodeum;  and  it  is  from  the  blood-vessels 
whieli  are  distributed  in  this  membnine,  that  the  bones,  especially  their 
more  compact  tissue*  are  in  great  part  supplied  with  nourishment,— 

*  minute  branches  from  the  periosteal  vessels  entering  the  little  foramina 
on   the  surface  of  the  bone,  and  finding  their  way  to  the  Haversian 

I  canals  to  be  immediately  described.     The  long  bones  are  supplied  also 

!  hy  a  proper  nutrient  artery  which,  enteriug  at  some  part  of  the  shaft  so 


^>rs^^I>^H^ 


^ 


F||f,  60— Transveme  flection  of  (H^mpact  bony  tl«nie  Cof  huixicniu).  Tlirw  of  the  HftveraJAn 
mis  m  seen,  with  thpir  concctiCrlc  HngH:  abio  thu  Ivcunn}.  with  tlie  canaticuh  extt^nding  from 
them  acRMB  the  ilirectJan  of  the  IjuiielliiB.  Th*'  HAvursiiui  wpeptijrpfl  were  fllie<l  witli  clf'brjiiiii  grind- 
ing: dofm  thenectioo,  ami  therefore  apijeur  blftc It  in  thefliruivi,  wliich  represents th^  objected*  vjewod 
with  traiuanlttrcl  lij?ht.  The  HATeraiiui  syHUmiB  tire  bo  closely  packed  In  xh\s  tectlou,  tljat  acarcdy 
*ny  in.Ur$UtiQi  Umelte  are  Ttelble.    x  150.    tiiharpey.) 

as  to  reach  the  medulhiry  canal,  breaks  up  into  branches  for  the  supply 
of  the  marrow,  from  w^hieh  again  small  vessels  are  distributed  to  the 

H  iDterior  of  the  hone.     Other  small  blood-vessels  pierce  the  articular 

^  extremities  for  the  supply  of  the  cancellous  tisane, 

Mirroscopk  Strnrfurv  of  /?o//(?,— Nottt^ithstanding  the  differences  of 
arrangement  just  mentioned,  the  stnicture  of  all  bono  is  found  under 

■  the  microscope  to  be  eesentially  the  same. 
Examined  with  a  rather  liigh  power  its  substance  is  found  to  cont4iin 
a  multitude  of  small  irregular  spaces,  approximately  fusiform  in  shape, 
called  lacnnfp,  with  very  minute  canals  or  mnaUaiU,  aa  they  are  termed, 
leading  from  them,  and  annstomosing  with  similar  little  prolongations 
from  other  lacunjF  (fig.  00).  In  very  thin  layers  of  bone>  no  other 
canals  than  these  may  be  visible;  but  on  nuiking  a  tmnsverse  section  of 


U 


m  HAHOBOOK   or  VHrmaUHiY. 

IA#  oaotpii^t  tittoo  UA  of  m  long  Ume,  e^^r^  the  hmnerofi  or  uliu,  tlie 
armngemont  jihown  in  fig*  W  can  be  saen* 

1'ho  bone  seems  mapped  out  into  small  circular  districtoy  at  or  about 
tho  centre  of  each  of  wbicb  is  a  hole^  around  which  is  an  appearancie  as 
of  concentric  layers — the  lacufux  and  camdictdi  following  the  same  oen- 
oentrif!  plun  of  iligtribntion  around  the  small  hole  in  the  centre^  with 
which  indoorl  they  communicate. 

On  making  a  longitudinal  section^  the  central  holes  are  found  to  be 
sim])]y  thi^*  cut  extremities  of  small  canak  which  run  lengthwise  through 
the  bone^  anu^tomosing  with  each  other  by  lateral  branekea  (fig.  61] 


I 


^ 
I 


Flff.  Sl.<— LcMigltucliiial  N<^etlori  rr<»m  ^^\v  hwnao  ulna.  ■honrluK  Haverrian  canal,  lactime.  and 
CAualicali.    (HoUett) 

.  jind  are  called  HaverMan  ratiah,  after  the  name  of  the  physician,  Clopton 
Havers,  who  first  accurately  described  them, 

The  Haversian  canals,  the  average  diameter  of  which  is  ^J^  of  an 
inch,  contain  blood- vc&sels,  and  l»y  means  of  them  blood  is  conveyed  to 
all,  oven  the  densest  parts  of  the  bone;  the  minute  canaliculi  and  lacunae 
absorbing  nutrient  mutter  from  the  Haversian  blood-vesBels  and  con- 
veying it  still  more  intimately  to  the  very  substance  of  the  bone  which 
tlicy  traverse. 

The  blood-vessels  enter  the  Haversian  canals  both  from  without,  by 
traversing  the  small  holes  which  exist  on  the  surface  of  all  bones  be- 
neath tlio  periosteum,  and  from  within  by  means  of  small  channels 
which  extend  from  the  medullary  cavity,  or  from  the  cancellous  tissue. 
The  arteries  and  veins  usually  occupy  separate  canals,  and  the  veins, 
which  are  the  larger,  ofteu  present,  at  irregular  intervals^  email  pouch- 
like dilatations. 


I 


THE   STBCCTCRE   OF   THE    ELEMENTAUY   TISSFES, 


'  lacuci2  are  occupied  by  branched  cells,  which  are  called  hone- 
^ceWir,  or  bone-eorpiinchs  (fig.  62),  which  very  closely  resemble  the  ordi- 
nary branched  connectiTe-tissne  corpuBclos;  each  of  these  little  masses 
of  protoplasm  ministering  to  the  nutrition  of  the  bone  immediately  sur- 
rounding it,  and  one  lacunar  corpuscle  commnnicating  with  another, 
and  with  its  surrounding  dit^trict,  and  with  the  blood-vessels  of  the 
Haversian  canals,  by  means  of  the  minnte  streams  of  fluent  nutrient 
matter  which  occupy  the  canalicnli. 

It  will  be  seen  from  the  above  description  that  bone  ia  eBaentially 
connective-tissue  impregnated  with  lime  salts:  it  bears  a  very  close  re- 
semblance to  what  may  be  termed 
typical  connect  ire- tissue  such  aa 
the  substance  of  the  cornea.  The 
bone-corpuscles    with    their    pro- 


h>*f!t'T>':^U.^ 


Fig,  IB.— Booe-corpufleles  with  Uietr  proocflDM  w 
Ftjr.  03.--Th{ij  layer  peeled  ofT  from  a  Aoftened*^^ 
tlM  reUctilar  struotun.^  of  a  taroeUA.  gtves  a  beu«r 
Uiaa  unial  from  the  eye.     X  400.    (Sbarpey.) 


Flff.fia. 

in  a  thin  section  of  human  botie.  CRoUett.) 

TtaiaflKure,  wbicb  is  Intended  to  repix*«eDi 

of  Ihe  objoct  when  held  ratJier  farU^er  oH 


occupying  the  lacunae  and  canaliculi  correspond  exactly  to  the 
cornea -cor])U8cle8  lyiug  in  branched  spaces. 

Lamellse  of  Compact  Bone*— ^In  the  shaft  of  a  long  bone  three 
H  distinct  sets  of  lamellte  can  be  clearly  recognized. 

^  (L>  General  or  fundamental  lamellse  :  which  are  most  easily  tracea- 
ble just  beneath  the  periosteum,  and  around  the  medullary  cavity,  form- 
Iing  around  the  latter  a  series  of  concentric  rings.  At  a  little  distance 
from  the  medullary  and  penostejd  surfaces  (in  the  deeper  portions  of 
the  bone)  they  are  more  or  less  interrupted  by 
(2.)  Speeiai  or  Haversian  lamolliL\  which  are  concentrically  arranged 
•round  the  Haversian  canals  to  the  number  of  six  to  eighteen  around 
each. 

(3*)  InfersfUial  lamella*,    which   connect   the   system  of  Haversian 
lamellae,  filling  the  spaces  between  them,  and  consequently  attiuning 
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their  greatest  development  where  the  Iluversian  systems  are  few,  and 
vice  twrsd. 

The  ultimnte  striictnre  of  the  hiiiiellfe  appears  to  be  reticular.  If  w 
thin  film  be  peeled  off  the  surface  of  n  bone,  from  which  the  earthy 
matter  has  been  removed  by  iicid,  and  examined  with  a  high  power  of 
the  microseope,  it  w^ill  be  found  composed  of  a  finely  retienhir  strac- 
tiire,  formed  iipparently  of  very  slender  fibres  decussating  obliquely,  but 
coalescing  at  the  points  of  intersection,  as  if  here  the  fibres  were  fnsed 
rather  than  woven  together  {fig.  63). 

In  many  places  these  reticular  lamelloe  arc  perforated  by  tapering 
fibres  calked  the  Chiricufi  of  Gagliardi,  or  the  ptrforaHng  fibres  oj 
^V/ffr/Jt'y,  resembling  in  character  the  ordinary  white  or  rarely  the  elastic 
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Fijsr.  <H*— Lflmelln?  torn  off  from  a  dec&lcLfled  bumim  pariet&l  bone  at  some  depth  from  the  sur* 
face,  ^f,  «,  Laiiit*llR>i  showing  reticular  flbivs:  6,  6,  darker  partt  where  eeveral  Lamella  axe  »uper- 
posed;  c,  i«;rforBUnjf  fihi>»ei.  Apertures  rhrouph  which  x^rforathig  fibres  liod  pocsed,  ore  seen  ?•- 
pecioljj'  in  the  lower  port,  n,  ci,  of  the  fipjre.    (Allen  Thoinscm.  j 


fibrous  tissue,  which  bolt  the  neighboring  lamollm  together,  and  msi^  be 
drawn  out  when  the  latter  are  torn  asunder  (fig,  64),  These  perforating 
fibres  originate  from  ingrowing  processes  of  the  periosteum,  and  in  the 
adult  still  retain  their  connection  with  it. 

Development  of  Bone.— From  the  point  of  view  of  their  develop- 
ment, all  bones  may  be  eubdivided  into  two  classes. 

{^.)  Those  which  are  ossified  directly  or  from  the  first  in  mrmhrane 
or  fibrous  tissue,  e.g.,^  the  hones  forming  the  vault  of  the  skull,  parietal, 
frontal,  and  a  certain  portion  of  the  occipital  bones, 

{b,)  Those  whose  form,  previous  to  ossification^  is  laid  down  in  hya* 
Hm  carfilaffe^  e,g,,  humerus,  femur. 

The  process  of  development,  pure  and  simple,  may  be  best  studied  in 
bones  which  are  not  preceded  by  cartilage,  i.^.,  membram-formeil  (e.g., 
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ffariefa!)  ;  and  witliout  a  knowledge  of  this  process  (ossifinfttion  in  mcni' 
bf'fint)^  it  is  impossible  to  iinderstund  the  much  more  complex  series  of 
chsBgeB  through  which  such  a  atructttro  as  the  eHrtilagiiious  femur  of 
the  f(Btu8  passes  in  its  transformation  into  the  bony  femur  of  the  adult 
(osgification  in  vnrfilaf/e). 

Ossification  in  Membrane. — The  membrane,  afterward  forming 
the  i^eriosteum,  from  which  such  a  bone  as  the  parietal  is  developed, 
consists  of  tw*o  layers — an  external  A7>n>N.s  and  an  internal  cei I ular  or 

The  external  layer  is  made  up  of  ordinary  connective-tissue,  being 
composed  of  layers  of  fibrous  tissue  w^ith  bnmched  connective-tissue 
corpnseles  here  and  there  between  the  bundles  of  fibres.  The  internal 
layer  consists  of  a  network  of  fine  fibrils  with  a  large  number  of  nuele- 
ated  cells  with  a  certain  addition  of  albuminous  ground  or  cement  sub- 
stance between  the  fibrous  bundles,  some  of  which  arc  oval,  otliers 
drawn  out  into  long  branched  processes:  it  is  more  richly  supplied 
with  capillaries  tlian  the  outer  layer.  The  relatively  large  rmmher  of 
its  cellular  eleraentSy  which  vary  in  size  and  shape,  together  with  the 
abundance  uf  its  blood-vessels,  clearly  mark  it  out  as  the  portion  of  the 
periosteum  which  is  immediately  concerned  in  the  formation  of  bone. 

In  such  a  bone  as  the  parietal,  w^hich  is  represented  then  when  ossi- 
fication commences  by  the  species  of  fibrous  conntH^tivo  tisane  with  many 
cells  above  indicated,  the  deposition  of  bony  matter,  which  is  preceded 
by  incre^ised  vascularity,  takes  place  in  nidiating  spicuhp,  startiog  from 
ft  vfiufre  of  tjj^sifimfion,  and  shooting  out  in  all  directions  toward  tiie 
periphery.  These  primary  bony  spiculoe  consist  of  the  fibres  of  the  tis- 
sue which  are  termed  osleo^enefiejibrm^  composed  of  a  soft  transparent 
substance  called  osfeoffCH^  in  which  calcareous  granules  are  deposited. 
The  fibres  are  said  to  exhibit  in  their  procalcified  state  indications  of  a 
fibriHar  structure,  iind  are  likened  to  bundles  of  white  fibrous  tissue,  to 
which  they  are  similar  in  chemical  composition,  but  from  which  they 
differ  in  being  stiffer  and  less  wavy.  The  deposited  granules  after  a 
time  become  so  numerous  as  to  fill  up  the  substance  of  the  fibres  and 
bony  DpiculfB  result.  Caleareons  granules  are  deposited  also  in  the  in- 
ierfibrillar  matrix.  By  the  junction  of  the  osteogenetic  fibres  and  their 
rfiinlting  bony  spicula?  a  meshwork  of  bone  is  formed.  The  osteo- 
genetic fibres,  which  become  indistinct  as  calcification  proceeds,  are 
believed  to  persist  in  the  lamelhe  of  adult  bone.  The  osteoblasts,  being 
in  part  retained  within  the  bcmo  trabeculfe  thus  produced,  form  bono 
corpuscles.  On  the  bony  trabeculae  first  formed,  layers  of  osteoblastic 
cells  from  the  osteo-genetic  layer  of  the  periosteum  are  developed  side  by 
side,  lining  the  irregular  spaces  like  an  epithelium  (Eg.  05,  b).  Lime- 
fioltg  are  deposited  in  the  circumferential  part  of  each  osteoblast,  and 
thus  a  ring  of  osteoblasts  gives  rise  to  a  ring  of  bone  w4th  the  remaining 
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tinciilcified  portions  of  the  osteoblasts  imbedded  in  it  as  bone  corpuscles, 
as  in  the  first  formutioii;  then  the  eentnil  portion  of  the  bony  pUte 
becomes  harder  and  less  cancellous.  At  the  sitme  time,  tbe  plate  in- 
creases at  tlie  periphery  not  only  by  tbe  extension  of  the  bony  spicnlte, 
but  also  by  deposits  taking  place  from  the  osteogenetic  layer  of  the 
pcriosteiim. 

The  primitive  spongy  bone  is  formed,  and  its  irregular  brancliiDg 
spaces  are  occnpied  by  processes  from  the  osteogenetic  layer  of  the  peri- 
osteum consisting  of  numerous  blood-vessels  and  osteoblasts.  Portions 
of  this  primitive  spongy  bone  are  re-absorbed.  The  osteoblasts  are 
arranged  in  concentric  successive  layers  and  give  rise  to  concentric 
Haversian  lamella?  of  bone,  whikt  the  irregular  space  in  the  centre  is 
reduced  to  a  well-formed  Haversian  canal,  containing  the  usual  blood- 
vessels, the  portions  of  the  primitive  spongy  bone  between  the  Haversian 
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Fig.  65. — (MeoblastA  from  the  parii^tal  booe  of  a  human  embryo,  thlrte^pn  wef^lm  old.  «,  Bony 
septa  with  the  vt^]\»  of  the  locunsB;  b,  l&yera  ot  ctsteoblaste;  i\  the  latter  lA  traiiaiiioti  to  bone  cor- 
puncltfs.    Highly  inaimin«>cl,    (Geg^nbaur.) 


systems  remaining  as  ttfiersfitifjl  or  gronnd-lamellaB  (p.  57).  Tbe  bnik 
of  tbe  primitive  spongy  bone  is  thna  gradually  converted  into  compact 
bony-tissue  of  Haversian  systems.  Those  portions  of  the  ingrowths 
from  tbe  deo]>er  layer  of  the  periosteum  which  are  not  converted  into 
bone  remain  in  the  spaces  of  the  cancellous  tissue  as  the  red  marrow. 

Ossification  in  Cartilage* — Under  this  heading,  taking  the  femur 
as  a  typical  example,  we  may  consider  the  process  by  which  the  solid 
cartOaginous  rod  which  represents  the  bone  in  the  foetns  is  converted 
into  the  hollow  cylinder  of  compact  bone  with  expanded  ends  formed 
of  cancellous  tissne  of  which  the  adult  femur  is  made  np.  We  must 
bear  in  mind  the  fact  that  this  fcetal  cartilaginous  femur  is  many  times 
smaller  than  the  medullary  cavity  even  of  the  shaft  of  the  mature  bone, 
and,  therefore,  that  not  a  trace  of  the  original  cartilage  can  be  present 
in  the  femur  of  the  adult.  Its  purpose  is  indeed  purely  temporary;  and, 
after  its  calcification,  it  is  gradually  and  entirely  absorbed  as  wi! 
presently  explained. 
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_  The  cartilagiiioiiB  rod  which  forms  the  foetal  femur  is  sheathed  in  a 
ibrane  termed  ihQ perichotidriiim,  Mhich  so  fur  resembles  the  peri- 
ooteam  deacribed  above,  as  to  eoiisiBt  of  two  Uiyers,  iu  the  deeper  one  of 
which  spheroidal  cells  predominate  and  hlood-vessels  abound,  while  the 
outer  layer  consiats  mainly  of  fusiform  cells  whjch  are  in  the  mature 
I  tissue  gradmilly  tmnsformed  into  fibres.     Thus,  the  diiferences  between 
[the  foetal  perichondrium  and  the  periosteum  of  the  adult  are  such  as 
_,- ,  ^  ^    :      .-  -  i    ,-^      ,    usmdly  exist  between  the  embry- 
onic and  mature  forms  of  connec- 
tive tissue. 


Between  the  hyaline  cartilage 
of  which  the  fcetal  femur  consists 
and  the  bony  tissue  forming  the 
adult  femur,  there  are  two  chief 
iniennediaie    stages  —  viz.    (1)    of 

£  S  "^^"^  ^^'^ 
^  ^'  ^  *=*»o  c^  «=.  ^ 

m  %^:3  iff 


_ ,  ft?.— i^>i 

.„ trmbeculs? 

■Kim.    CSh*rpey  ; 


Fi|r.  67. 

-  tixip»  of  blrNid-veaaelfi. 

imfying  eArtibip^e  from  the  humerufl  of  «  ffiet&l  nhecp.     Cftl- 
^^twet!ti  ih«  culumiis  of  c&rtiJii^  ceUa^    c,  C&rtilnge  cells. 


calcified  cartilage,  and  f2)  of  embryonic  spongy  bone.    These  ma- 
terials^ which  successively  occupy  the  place  of  the  fcetal  cartihige,  are 
in  snccession  entirely  absorbed,  and  their  place  is  taken  by  true  bone. 
The  process  by   which  the  cartilaginous  is  transformed    into    the 


(V? 
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bony  forniir  may  however  be  divided  for  the  sake  of  clearness  into  the 
following  six  stages: — 

Sftifje  1.— Vascularization  of  the  Cartilage.— Procesaes  from  the 
osteogenetic  or  celluhir  liiyer  of  the  perichondrium  containing  blood- 
vessols  grow  into  the  substance  of  the  cartiliijnfe  much  as  ivy  insinuates 
itself  into  the  cracks  sind  crevices  of  a  wall.  This  begins  at  the  "cen- 
tres of  ossification,"  from  which  the  blood-vessels  spread  ehietly  up  and 
down  the  shaft,  etc.     Thus  the  substance  of  the  cartilage,  which  pre?i- 


Fip,  riM.—TmiisTeiine  section  of  a  portion  of  a  metacarpal  bonf  of  a  fcetUB*  Hfiowln^— 1,  fibrous 
Inyer  of  ptriortteiim  ;  a,  osleo^nt'tlc  layer  of  ditto  ;  S,  per*  ~"     '  '  *  '"  ""*"  '" 

£rriu:)i]alJy  t>f?comiiiK  caleiaed.  us  at  ."5,  wiOi  eel  Is  in  priniary 
bt?mg  entirely  neplac^nl  by  H[>otigy  b^^ne,     x  300,    (V.  D.  Hftrrts.) 


S,  perfosteftl  bo»e ;  i.  cartila^.  with  matrtat 
7  ar«a|s;  beyond  5  th^  caJctiied  matrix  i& 


ously  contained  no  vessels,  is  trtiversed  by  a  number  of  branched  anas- 
tomosing chiinnelfi  formed  by  the  enlargement  and  coalescence  of  the 
epacea  in  which  the  cartilage-cells  lie,  and  containing  loops  of  blood- 
vessels (fig.  66)  and  spheroidal  cells  which  will  become  osteoblaste. 

Stage  2. — Calcification  of  Cartilaginous  Matrix.—Lime  salts  are 
next  deposited  in  the  form  of  fine  granules  in  the  hyaline  matrix  of  the 
cartilage,  not  yet  vaecularized,  and  tliis  gradually  becomes  transformed 
into  a  number  of  culcified  trabecula?  (fig,  08,5),  inclosing  alveolar  spaces, 
which  are  the  primary  areoliB^  and  which  contain  cartilage  ceils.     By 


I 
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the  absorption  of  some  of  the  trabeciila'  larger  spuces  are  developed, 
which  contain  cartilage-cells  for  a  very  short  time  only,  their  pliicea  being 
taken  by  the  so-called  osteogenetic  layer  of  the  perichondrium  (before 
referred  to  in  Stage  1)  which  conslitntea  the  primary  marrow.  T]ic 
Ciirtilage-cella,  gradually  enlarging,  become  more  transpareiit  and  finally 
undergo  disintegration. 

Statje  3,— Substitution  of  Embryonic  Spongy  Bone  for  Carti- 
Uigt. — The  cells  of  the  primary  marrow  arrange  themgelves  as  a  contin- 
uous layer  like  epithelium  on  the  calcified  trabecuht;  and  deposit  a  layer 
of  bone,  and  ensheath  them:  the  calcified  trabecular  encased  in  the 
aheaths  of  young  bone,  become  gradually  absorbed,  so  that  finally  we 

tbeoul»  composed  entirely  of  spongy  bone,  all  trace  of  the  orig- 


-\% 


W}g*  9d.— A  vmaU  liolated  mass  of  booe  next  the  perlt^ieteuiti  of  iht^  lowi^r  jaw  of  hyman 

Mb     o,  (>iteogeiM*tlc  laywr  of  perio«liQtam.    »,  niuitimielear  i^iant  c«U»,  tim  one  on  the  left  actinf? 

bero  probkbly  like  an  ofteoelast,    AhoTec,  the  osteoblasta  are  Been  (O  become  Burrounded  bj  an 
OMBCHiB  matiix.    iKlein  and  Koble  Smith.) 


inal  calcified  cartilage  having  disappeared.  It  is  probable  that  the  large 
multinucleated  giant-cells  termed  Oifteoclmfs  by  Kolliker,  which  are  de- 
rived from  the  osteoblasts  by  the  multiplication  of  their  nuclei,  are  the 
agents  by  which  the  absorption  of  calcified  cartilage,  and  subsequently 
of  embryonic  spongy  bone,  is  carried  on  (fig,  (j9,  c/).  At  any  rate,  they 
are  almost  always  found  wherever  absorption  is  in  progress. 

Stages  2  and  3  are  precisely  similar  to  what  goes  on  in  the  growing 
shaft  of  a  bone  which  is  increasing  in  length  by  the  advance  of  the 
process  of  ossification  into  the  intermediary  curtilage  between  the  dia- 
physis  and  epiphysis.  In  this  case  the  cartilage-cells  become  flattened 
and,  multiplying  by  division,  are  grouped  into  regular  columns  at  right 
angles  to  the  plane  of  calcification,  while  the  ]>rocess  of  calcification 
I  extends  into  the  hyaline  matrix  between  them  (figs,  67  and  68). 
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iStage  ^.-^Substitution  of  Periosteal  Bone  for  the  Primary 
Embryonic  Spong"/  Bone. — The  embryonic  spongy  bone,  formed  as 
above  described,  is  simply  a  temporary  tissue  occupying  the  place  of  the 
fa?tal  rod  of  cartihige,  once  representing  the  femur;  and  the  stages  1, 
2,  and  3  show  the  successive  changes  whitth  occur  at  the  centra  of  the 
shaft.     Periosteal  bone  is  at  the  same  time  deposited  in  successive  layers 


Flfir.  70-— TranaTeree  sectJoti  through  the  tibia  of  a  fa>Uil  kitten,  Hemi-diAjn^unomtic.    . 

P,  PenoBt«iain.  O,  Oftteog*'iit?tic  lay*?r  of  tbe  periost^  tini  showipp  Uie  osteoblast*  airanged  side  fair  1 
sidp,  represented  a»  pear-shaped  bitkek  dote  on  the  eurfaef  f*f  the  Dewly-fomied  bone.  B,  The  peri* 
oeteal  tone  depn«iterl  jn  siiciJeHKive  lftyer»  beneath  th©  perltwtt'iim  and  eosbefttliiaK  E*  ibe ^loogj 
endochondral  Iboiie :  reprt»tvent€<1  as  more  dm^ijly  abadeiU  Within  liie  tral^eculie  of  endoeboadral 
sjHingy  bone  are  seen  the  retuains  of  the  caJcfflied  cartilaee  tratK?ciitiP  mpreeisited  tm  dBrkyrrnvj 
lines.  C,  The  medulla,  with  V,  \',  AeiDs.  In  the  lower  half  of  the  fSgure  tne  endocbondrtU  spooj^ 
bcme  has  been  completely  al*i*jrl>eil.     ^^Kleio  and  Xohle  8mitbJ 


beneath  the  perioeteumj  i»e,,  at  the  eircnmference  of  the  shaft,  exactly  as 
described  in  the  section  on  oBsitication  in  membrane,  and  thus  a  casing 
of  periostetd  bone  is  formed  around  the  embryonic  endochondral  spongy 
bone :  this  casing  is  thickest  at  tho  centre,  wliere  it  is  first  formed,  and 
thins  out  toward  each  end  of  the  shaft.     The  embryonic  spongy  bone  i8 
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[>rbed,  its  trabecul^e  becoming  grailually  thnined  and  its  meshes  en- 
jing,  and  finally  coalescing  into  one  great   cavity — the   medullary 
cavity  of  the  shaft. 

Sfa(/e  5.— 'Absorption  of  the  Inner  Layers  of  the  Periosteal 

Bone. — The  absorjition  of  tlie  endochondral  spongy  bone  is  now  com- 

pletGyand  the  medullary  cavity  is  bounded  by  periosteal  bone:  the  inner 

layers  of  this  periosteal  bone  are  next  absorbed,  and  the  medullary  cavity 

!  is  thereby  enlarged,  while  the  deposition  of  bone  benoatli  the  periosteum 


J     t 


i^.  71.— TraDTprfie  section  of  femur  m  a  imniun  ttnttrvn  aliMnjt  eleven  weekn old.    ft.  HiidJroeQ- 
tmrj  HaveivlaQ  canjii  Id  i3rcM«iHMN.'tkiQ ;  b,  la  loofiritudinal  secttoti;  r,  <Mt«oblasti^;  d,  newljr  roruK^d 
as  8Ub«uu>c«  of  a  lighter  color;  r,  IhAt  of  greater  age;  /,  tacuujB  with  ibeir  celhi;  (/,  a  cell  mill 
1  to  ma  oKteoblasi.    (.Fre^r  J 


ft 


continues  as  before.    The  first-formed   periosteal   bone   is   spongy   in 
character. 

Singe  G.— Formation  of  Compact  Bone.=-The  transformation  of 
epongy  periostcsiil  bone  into  compact  hone  is  etiected  in  a  manner  exactly 
eimilar  to  that  which  has  been  described  in  connection  with  ossification 
in  membrane  (p.  60),  The  irregnlarities  in  the  walls  of  the  areola?  in 
the  spongy  bone  are  absorbed,  while  the  osteoblasts  which  line  them  are 
developed  in  concentric  layers,  each  layer  in  turn  becoming  ossified  till 
the  compamtively  large  space  in  the  centre  is  reduced  to  a  well-formed 
UaToreiaD  canal  (fig.  Tl),  When  once  formed,  bony  tissue  grows  to 
some  extent  interstitially,  as  is  evidenced  by  the  fact  that  the  lacunse  are 
rather  further  apart  in  fnll-forraed  than  in  young  bone, 
5 
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From  the  foregoing  deBcription  of  the  deyelopment  of  bone,  it  will  be 
seen  that  the  common  terms  ossification  in  cartilage  and  ossification  in 
membrane  are  apt  to  mislead,  since  they  seem  to  imply  two  processes 
radically  distinct.  The  process  of  ossification,  however,  is  in  all  cases 
one  and  the  same,  all  true  bony  tissue  being  formed  from  membrane 
(perichondrium  or  periosteum);  but  in  the  development  of  such  a  bone 
as  the  femur,  which  may  be  taken  as  the  type  of  so-called  ossification  in 
cartilage,  lime-salts  are  first  of  all  deposited  in  the  cartilage;  this  calci- 
fied cartilage,  however,  is  gradually  and  entirely  re-absorbed,  being  ulti- 
mately replaced  by  bone  formed  from  the  periosteum,  till  in  the  adult 
structure  nothing  but  true  bone  is  left.  Thus,  in  the  process  of  "  ossi- 
fication in  cartilage,"  calcification  of  the  cartilaginous  matrix  precedes 
the  real  formation  of  bone.  We  must,  therefore,  clearly  distinguish 
between  calcification  and  ossification.  The  former  is  simply  the  infil- 
tration of  an  animal  tissue  with  lime-salts,  and  is,  therefore,  a  change  of 
chemical  composition  rather  than  of  structure ;  while  ossification  is  the 
formation  of  true  bone — a  tissue  more  complex  and  more  highly  organ- 
ized than  that  from  which  it  is  derived. 

Centres  of  Ossification. — In  all  bones  ossification  commences  at 
one  or  more  points,  termed  centres  of  ossification.  The  long  bones,  e.g., 
femur,  humerus,  etc.,  have  at  least  three  such  points — one  for  the  ossifi- 
cation of  the  shaft  or  diapht/sis,  and  one  for  each  articular  extremity 
or  epiphysis.  Besides  these  three  primary  centres  which  are  always 
present  in  long  bones,  various  secondary  centres  may  be  superadded  for 
the  ossification  of  different  processes. 

Growth  of  Bone. — Bones  increase  iii  leiigth  by  the  advance  of  the 
process  of  ossification  into  the  cartilage  intermediate  between  the  dia- 
physis  and  epiphysis.  The  increase  in  length  indeed  is  due  entirely  to 
growth  at  the  two  ends  of  the  shaft.  This  is  proved  by  inserting  two 
pins  into  the  shaft  of  a  growing  bone:  after  some  time  their  distance 
apart  will  be  found  to  be  unaltered  though  the  bone  has  gradually  in- 
creased in  length,  the  growth  having  taken  place  beyond  and  not  be- 
tween them.  If  now  one  pin  be  placed  in  the  shaft,  and  the  other  in 
the  epiphysis  of  a  growing  bone,  their  distance  apart  will  increase  as  the 
bone  grows  in  length. 

Thus  it  is  that  if  the  epiphyses  with  the  intermediate  cartilage  be 
removed  from  a  young  bone,  growth  in  length  is  no  longer  possible; 
while  the  natural  termination  of  growth  of  a  bone  in  length  takes  place 
when  the  epiphyses  become  united  in  bony  continuity  with  the  shaft. 

Increase  in  thickness  in  the  shaft  of  a  long  bone  occurs  by  the  depo- 
sition of  successive  layers  beneath  the  periosteum. 

If  a  thin  metal  plate  be  inserted  beneath  the  periosteum  of  a  grow- 
ing bone  it  will  soon  be  covered  by  osseous  deposit,  but  if  it  be  put  be- 
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tween  the  fibrous  and  osteogenetic  layers  it  will  never  become  enveloped 
in  bone,  for  all  the  bone  is  formed  beneath  tlie  hitter. 

Other  Tarieties  of  connective  tissue  may  become  ossified,  ejj,,  the 
tendons  in  some  birds. 

Functions  of  Bones.— Bones  form  the  framework  of  the  body;  for 
this  they  are  fitted  by  their  hardness  and  solidity  together  with  their 
comparative  lightness;  they  servo  both  to  protect  internal  organs  in  the 
trunk  and  skull,  and  as  levers  worked  by  muscles  in  the  limbs;  not* 
withstanding  their  hardness  they  possess  a  considerable  degree  of  elas- 
ticity, which  often  saves  them  from  fracture. 

The  material  of  which  the  chief  portion  of  the  teeth  is  made  up, 
called  Dentine,  is  frequently  classed  with  bone  and  as  one  of  the  con- 
nective tissues.  The  other  constituents  of  the  teeth  also  resemble  bone 
in  structure  to  a  considerable  degree;  it  will  be  as  well  therefore  to  give 
in  thifl  place  eonie  account  of  the  ieetlu 

The  Teeth. 

Doriiig  the  course  of  liis  life,  man.  in  common  with  most  other 
niAmmftls,  is  provided  with  two  sets  of  teeth;  the  first  set,  called  the 


JTg;  Tt.-  Xormftl  well -formed  jaws,  from  which  the  alv«*olAr  plat*-  tiaa  been  In  great  part  retnoviMl 
•o  a«  to  ejrpowii  tJhe  developiui:  |>frinjLtiir'nt    teeth  lu  their  L-rjnpt^in  the  jaw*.     (Tomes,) 


temporan/  or  mill-  feefh,  makes  its  appearance  in  infancy,  and  is  in  the 
course  of  a  few  years  sJied  and  replaced  by  the  second  or  pfrviannif  set. 

The  temporary  or  milk  teeth  hnve  only  a  very  limited  term  of 
e3cistence. 

They  are  ten  in  number  in  each  jaw,  namely,  on  either  side  from  the 
middle  line  two  ificimrs^  one  tattitte,  and  two  deciduous  jmiffrs,  and  are 
replaced  by  ten  pernianeut  teeth.     The  number  of  permanent  teeth  in 


t: 
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each  jaw  is,  however,  increased  to  sixteen  by  the  development  of  three 
molars  on  each  side  of  the  jaw,  which  are  called  the  permanent  or  true 
molars. 

The  following  formula  shows,  at  a  glance,  the  comparative  arrange- 
ment and  number  of  the  temporary  and  permanent  teeth : — 


CANime. 

1 


Temporary  Teeth. 

Middle  Link  of  Jaw. 

incisors.  incisors. 

2 


CANINE. 

1 


MOLARS. 
2=10 


2=10 


-=20 


Permanent  Teeth. 

Middle  Line  of  Jaw. 


BICrSPIDS 
TRUE  OR  PRE- 

MOLARS.     MOLARS. 


CANINE. 

1 


INCISORS. 

2 


INCISORS. 

o 


CANINE. 
1 


BICUSPIDS 
OR  PRE-  TRUE 

MOLARS.  MOLARS. 

2  3 


1 


From  this  formula  it  will  be  seen  that  the  two  bicuspid  orpre-molar 
teeth  in  the  adult  are  the  successors  of  the  two  deciduous  molars  in  the 
child.  They  differ  from  them,  however,  in  some  respects,  the  temporary 
molars  having  a  stronger  likeness  to  the  permanent  than  to  their  imme- 
diate descendants  the  so-called  bicuspids,  besides  occupying  more  space 
in  the  jaws. 

The  temporary  incisors  and  canines  differ  from  their  successors  but 
little  except  in  their  smaller  size  and  the  abrupt  manner  in  which  their 
enamel  terminates  at  the  necks  of  the  teeth,  forming  a  ridge  or  thick 
edge.     Their  color  is  more  of  a  bluish-white  than  of  a  yellowish  shade. 

The  following  tables  show  the  average  times  of  eruption  of  the 
Temporary  and  Permanent  teeth.  In  both  cases  the  eruption  of  any 
given  tooth  of  the  lower  precedes,  as  a  rule,  that  of  the  corresponding 
tooth  of  the  upper  jaw. 


Temporary  or  Milk  Teeth. 
The  figures  indicate  in  months  the  age  at  which  each  tooth  appears. 


INCISORS. 

DECIDUOUS 

PiRST 

MOLARS. 

CANINES. 

DECIDUOUS 
SECOND 
MOLARS. 

6 

12 

18 

24 
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Permanent  Teeth. 

Xlie  tge  at  which  each  tooth  is  cut  is  mdicated  in  this  table  in  jears. 


BlCtrSPIDS  OR  PUS- 
MOLA&ft. 

rnurr.     i    esooND. 


10 


It 


Mounts^ 


12 


TBIHD 
MOLAlCtt  OR 


17  U>25 


The  timefl  of  eruption  given  in  the  above  tables  are  only  approxi- 
mate:  the  limits  of  variation  being  tolerably  wide.  Some  children  may 
cut  their  first  teeth  before  the  age  of  six  months,  and  others  not  till 
nearly  the  twelfth  month.  In  nearly  all  cases  the  two  eentnd  incisora 
of  the  lower  Jaw  are  cut  first,  these  being  succeeded  after  a  short  inter- 
Tal  by  the  four  incisiors  of  the  upper  jaw;  next  follow  the  lateral  in- 
cbors  of  the  lower  jnw,  and  so  on  a«  indicated  in  the  table  till  the  com- 
pletion of  the  milk  dentition  at  about  the  age  of  two  years.  Certain 
diaeftfles  affecting  the  bony  skeleton,  P.y.,  Kiokets^  retard  the  eruptive 
period  considerably. 

The  milk*tceth  usually  come  through  in  batches,  each  period  of 
eruption  being  succeeded  by  one  of  quiescence  lasting  sometimes  several 
months*  The  milk-teeth  should  be  in  use  from  the  age  of  two  up  to 
within  a  few  months  of  the  time  for  their  successors  to  appear.  Their 
retention  serves  the  purpose  of  preserving  the  necessary  space  sufficient 
for  the  succeeding  permanent  teeth  to  occupy. 

It  is  important  to  notice  that  it  is  a  molar  which  is  the  first  tooth  to 
be  cut  in  the  permanent  dentition,  not  an  incisor  as  in  the  case  of  the 
temporary  set,  and  also  that  tt  appears  Miind  the  last  deciduous  molar 
on  each  side. 

The  third  molars,  often  called  Wisdmns,  are  sometimes  unerupted 
through  life  from  want  of  sutlicient  jaw  space  and  the  presence  of  the 
other  teeth:  and  in  highly  civilized  races  there  are  evidences  to  show 
that  they  are  in  process  of  suppression  from  the  dental  series;  cases  of 
whole  families  in  which  their  absence  is  a  characteristic  feature  being 
occaaionally  met  with. 

When  the  teeth  are  fully  erupted  it  will  be  observed  that  the  upper 
incisors  and  canines  project  obliquely  over  the  lower  front  teeth  and  the 
external  cusps  of  the  upper  bicuspids  and  molars  lie  outside  those  of 
the  corresponding  teeth  in  the  lower  jaw.  This  arrangement  allows  to 
some  extent  of  a  scissor-like  action  in  dividing  and  biting  food  in  the 
case  of  incisors;  and  a  grinding  motion  in  that  of  the  bicuspids  and 
molars  when  the  side  to  side  movements  of  the  lower  jaw  bring  the  ex- 
ternal cusps  of  the  lower  teeth  into  direct  articulation  with  those  of  the 
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upper^  and  then  cause  them  to  glide  down  the  inclined  surfaces  of  the 
external  and  up  the  internal  cusps  of  these  same  upper  teeth  during 
the  act  of  maotication. 

The  work  of  the  canine  teeth  in  man  is  similar  to  that  of  his  incisors. 
Besides  being  a  firmly  implanted  tooth  and  one  of  stronger  substance 
than  the  others,  the  canine  tooth  is  important  in  preserving  the  shape 
of  the  angle  of  the  mouth,  and  by  its  shape,  whether  pointed  or  blunt, 
long  or  short,  becomes  a  character  tooth  of  the  dentition  as  a  whole  in 
both  males  and  females. 

Another  feature  in  the  fully  developed  and  properly  articulated  set 
of  teeth  is  that  no  two  teeth  oppose  each  other  only,  but  that  each  tooth 
antagonizes  with  two,  except  the  upper  Wisdom,  usually  a  small  tooth. 
This  is  the  result  of  the  greater  width  of  the  upper  incisors,  which  so 
arranges  the  **  bite  "  of  the  other  teeth  that  the  lower  canine  closes  in 
front  of  the  upper  one. 

Should  a  tooth  be  lost,  therefor?,  it  does  not  follow  that  its  former 
opponent  remaining  in  the  mouth  is  rendered  useless  and  thereby  liable 
to  be  removed  from  the  jaw  by  a  gradual  process  of  extrusion  commonly 
seen  in  teeth  that  have  no  work  to  perform  by  reason  of  absence  of  an- 
tagonists. 

It  is  worthy  of  note  that  from  the  age  of  four  years  to  the  shedding 
of  the  first  milk-tooth  the  child  has  no  fewer  than  forty-eight  teeth, 
twenty  milk-teeth  and  twenty-eight  calcified  germs  of  permanent  teeth 
(all  in  fact  except  the  four  wisdom  teethe  which  show  no  signs  of  devel- 
opment until  the  third  year). 

Structure  of  a  Tooth. 

A  tooth  is  generally  described  as  possessing  a  crown,  neck,  and  root 
or  roofs. 

The  crow7i  is  the  portion  which  projects  beyond  the  level  of  the 
gum.  The  neck  is  that  constricted  portion  just  below  the  crown  which 
is  embraced  by  the  free  edges  of  the  gum,  and  the  root  includes  all  be- 
low this. 

On  making  longitudinal  and  transverse  sections  through  its  centre 
(fig.  73,  A,  b),  a  tooth  is  found  to  be  principally  composed  of  a  hard 
material,  dentine  or  ivory,  which  is  hollowed  out  into  a  central  cavity 
which  resembles  in  general  shape  the  outline  of  the  tooth,  and  is  called 
ihQ  pulp  cavity  from  its  containing  the  very  vascular  and  sensitive  pulp. 

The  tooth  pulp  is  composed  of  fibrous  connective  tissue,  blood-vessels, 
nerves,  and  large  numbers  of  cells  of  varying  shapes,  e.tj,,  fusiform,  stel- 
late, and  on  the  surface  in  close  connection  with  the  dentine  a  specialized 
layer  of  cells  called  odontoblasts,  wOiich  are  elongated  columnar-looking 
cells  with  a  large  nucleus  at  the  tapering  ends  or  those  farthest  from 
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the  dimiim  (the  layer  is  sonietimes  mentioned  as  tlie  membrana  eborijif, 
from  the  tenacity  with  which  it  elingg  to  the  dentine),  all  are  imbedded 
in  a  mucoid  gelatinouB  matrix. 

The  blood-vessels  and  nerrea  enter  the  pnlp  through  a  small  opening 
at  the  apical  extremity  of  e^ch  root.  The  exact  terminations  of  the 
nerree  are  not  definitely  known.  They  have  never  been  observed  to 
enter  the  dentinal  tubes,  but  they  are  probably  connected  with  the  fibrils 
in  those  tubes  through  the  intervention  of  the  odontoblasts  and  deeper 
layer  of  celle.     No  lymphatics  have  been  tmeed  to  the  pulp. 

A  layer  of  very  hard  C4ilc4ireous  matter,  the  tiinmcf,  caps  that  part 
of  the  dentine  which  projects  beyond  the  level  of  the  gum;  while  sheath- 
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FIf.  78,— A.  toaKitudliial  aeeUoti  of  a  human  molar  tootli:  e,  oemeot;  d,  dfmtlne;  «»  enanael:  t*, 
pulp  oayi^  CUwen).    B.  Traasrerve  section.    The  tetters  Indicate  the  mxa»  bb  In  a. 

ing  the  portion  of  dentine  which  is  beneath  the  level  of  the  gum,  ie  a 
layer  of  true  bone,  chilled  the  cemeni  or  vrusta  ^M'troHti. 

At  the  neck  of  the  tooth,  where  the  enamel  and  cement  come  into 
contact,  each  is  reduced  to  an  exceedingly  thin  kiyer.  The  cement 
overlapping  the  enamel  and  being  [irolonged  over  it  on  the  surface  of 
the  crown  of  the  tooth  is  a  thin  membrane  called  Xmmyth-a  membrane^ 
or  the  cuiich  of  the  tooth.  The  covering  of  enamel  becomes  thicker 
toward  the  crown,  and  the  cement  toward  the  lower  end  or  apex  of  the 
root. 

I. — Dentine  or  Imry. 

Chemical  Composition, — Dentine  closely  resembles  bone  in  chemiaU 
composition.  It  contains,  however,  rather  less  animal  matter;  the  pro- 
portion in  a  hundred  parts  being  abont  twenty-eight  artimnl  to  seventy- 
two  of  earthy.  The  former,  like  the  animal  matter  of  bone,  may  be 
reeolved  into  gelatin  by  boiling.  It  also  contains  a  tra^^e  of  fat.  The 
msHkj  matter  is  made  up  chiefly  of  calcium  phosphate,  with  a  small  per- 
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tion  of  the  carbonate,  and  traces  of  vulcium  fiuoride  and  vmffnesium 

phosphate,  fl 

Siruciure, — Under  the  microscope  dentine  is  seen  to  be  finely  chan-  ^ 

nelled  by  a  multitude  of  delicate  tubes,  whicb,  by  their  inner  eoda  com- 


Ktmixiel 


Dtmtine. 


— .  t>ment. 


Fi^.  74— I'reinoljir  tontb  of  cal  in  situ. 


munieate  with  the  puliv-cavity,  and  by  their  outer  extremities  come  into 
contact  with  the  uuder  part  of  the  enamel  and  cement^  and  sometimes 
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Fij*.  7S.— 'Section  of  a  fHirtion  of  tLii^ dentine  aod  oemenfc  from  the  middipfif  Lhei  root  of  on  inclsc*r 
toottu  a.  Dental  tulnili  rainifytijjif  aod  terminAtini;,  some  of  tbetn  In  tlie  int<?rg:lohular  Ri>nje«»  h  and 
Cr  wbicJi  uomewiint  resembJti-  bone  laeunte;  d,  inner  lajwr  of  the  cement  with  numerous  cJo«el>'  set 
canalicnll;  e,  outer  l«yer  of  cement;  /,  hLciin^;  g,  caaalteoJi.    X  SBO.    (KttUikerj 

even  penetrate  them  for  a  gi*eater  or  less  distance  (figs.  75,  77).  The 
matrix  in  which  these  tubes  lie  is  composed  of  "a  reticulum  of  fine 
fibres  of  connective  tissue  modified  by  calcification,  and  where  that  pro- 
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is  complete^  entirely  hidden  by  the  deaselj  deposited  lime  salts" 
(Mammery). 

In  their  course  from  the  pulp-cavity  to  the  surface  the  minute  tubes 
form  gentle  and  nearly  parallel  curves  and  divide  and  subdivide  dicho- 
tomoualy,  but  without  much  lessening  of  their  calibre  until  they  are 
approaching  their  peripheral  termination. 

From  their  sides  proceed  other  exceedingly  minute  secondary  canals, 
which  extend  into  the  dentine  between  the  tubules  and  anastomose  with 
each  other.  The  tubules  of  the  dentine,  the  average  diameter  of  which 
at  their  inner  and  larger  extremity  is  ^^^,(,  of  an  inch,  contLiin  fine  pro- 
longations from  the  tooth-pulp,  which  give  the  dentine  a  certain  faint 
aensitiYGness  nnder  ordinary  circumstances  and,  without  doubt,  have  to 
do  also  with  its  nutrition.  These  pruli>ngation8  from  the  tooth -pulp 
are  probably  processes  of  the  dentine-cellB  or  odftn/ahfa.sh  which  are 
branched  cells  lining  the  pulp-cavity;  the  relation  of  these  processes  to 
the  tubules  in  which  thoy  lie  being  precisely  similar  to  that  of  the  pro- 
cesses of  the  bone-corpuscles  to  the  canalieuli  of  bone.  The  outer  portion 
of  the  dentine,  underlying  the  cement,  and  the  enamel  to  a  much  lesser 
degree,  forms  a  more  or  less  distinct  layer  termed  the  granular  or  in- 
ifrrfhhuhtr  layer.  It  ia  chariK-terized  by  the  presence  of  a  number  of 
irregular  minute  cell-like  cavities,  much  more  closely  packed  than  the 
laeunsB  in  the  cement,  and  communicating  with  one  another  and  with  the 
ends  of  the  dentine-tubes  (fig,  75,  />,  r),  and  containing  cells  like  bone- 
corpuscles. 

II, — Enamel, 

Chemical  Composition. — The  enantd,  which  is  by  far  the  hardest  por- 
tion of  a  tooth,  is  composed,  chemically,  of  the  same  elements  that  enter 
into  the  composition  of  dentine  and  bone.  Its  animal  matter,  how- 
ewer,  amounts  only  to  about  2  or  3  per  cent.  It  contains  a  larger  pro- 
portion of  inorganic  matter  and  is  harder  than  any  other  tissue  in  tbe 
body, 

Sirncftire, — Examined  under  the  microscope,  enamel  is  found  com- 
posed of  fine  hexagonal  fibres  (figs.  7G,  77)  -^-^  of  an  inch  in  diameter, 
which  are  set  on  end  on  the  surface  of  the  dentine,  and  fit  into  corre- 
sponding depressions  in  the  same. 

They  radiate  in  such  a  manner  from  the  dentine  that  at  the  top  of 
the  tooth  they  are  more  or  less  vertical,  while  toward  the  sides  they  tend 
to  the  horizontal  direction.  Like  the  dentine  tubules,  they  are  not 
straight,  but  dii^posed  in  wavy  and  parallel  curves*  The  fibres  are 
marked  by  tmnsverse  lines,  and  are  mostly  solid,  but  some  of  them  may 
contain  a  very  minute  canaL 

The  enamel -prisms  are  connected  together  by  a  very  minute  quantity 
of  hyaline  cement-substance.     In  the  deeper  part  of  badly  formed  en- 
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amels,  between  the  prisms,  are  small  lacunw,  or  "  interglobular  spaces  *' 
which  have  the  processes  or  fibrils  of  the  dentine  tubes  in  connection  with 
them  (fig.  77,  c). 


Fig.  76.— Enamel  fibres.  A,  Fragments  and  single  fibres  of  the  transverseiy-fltriated  enameU 
isolated  by  the  action  of  hydrochlonc  acid.  B,  Surface  of  a  small  fragment  of  enamel,  showing  the 
hexagonal  ends  of  the  fibres  with  darker  centres,  or  not  so  highly  calcmed.    X  880.    (KOUiker.) 


III. — Crtista  Petrosa. 

The  crusta  petrosa,  or  cement  (fig.  75,  e,  d),  is  composed  of  true  bone^ 
and  in  it  are  lacunae  (/)  and  canaliculi  (g),  which  sometimes  communis 
cate  with  the  outer  finely  branched  ends  of  the  dentine  tubules,  and 
generally  with  the  interglobular  spaces.  Its  laminae  are  as  it  were  bolted 
together  by  perforating  fibres  like  those  of  ordinary  bone  (Sharpey^s 
fibres).  Cement  differs  from  ordinary  bone  in  possessing  no  Haversian 
canals,  or,  if  at  all,  only  in  the  thickest  part.  Such  canals  are  more 
often  met  with  in  teeth  with  the  cement  hypertrophied  than  in  the 
normal  tooth. 

Development  of  the  Teeth. 

Development  of  the  Teeth. — The  first  step  in  the  development  of  the 
teeth  consists  in  a  downward  growth  (tig.  78,  a,  1)  from  the  Rete  Mal- 
pighi  or  the  deeper  layer  of  stratified  epithelium  of  the  mucous  mem- 
brane of  the  mouth,  which  first  becomes  thickened  in  the  neighborhood 
of  the  maxillae  or  jaws  now  in  the  course  of  formation.  This  process 
passes  downward  into  a  recess  of  the  imperfectly  developed  tissue  of  the 
embryonic  jaw.  The  downward  epithelial  growth  forms  the  primary 
enamel  organ  or  enamel  germ,  and  its  position  is  indicated  by  a  slight 
groove  in  the  mucous  membrane  of  the  jaw.  The  next  step  in  the  pro- 
cess consists  in  the  elongation  downward  of  the  enamel  groove  and  of 
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the  enamel  germ  and  the  inclination  outward  of  the  deeper  part  (fig. 
7S,  R,/'),  which  is  now  inclined  at  an  angle  with  the  upper  portion  or 
neck  {f)f  and  has  become  bulbous,  .\fter  this  there  is  an  increased  de- 
Telopment  at  certain  points  corresponding  to  the  situations  of  the  future 
milk-teeth.  The  enamel  germ,  or  common  enamel  germ,  m  it  may  be 
called,  becomes  divided  at  Its  deeper  portion^  or  extended  by  forther 
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Fig.  78 


X  77.— Thin  Bei^tlon  of  thp  enamel  and  a  part  of  thf  dentliif.  rr»  Cuttctilar  judUeli-  of  the 
^  let  (Nasmyt!r»  lufiuhrane);  h,  enamel  flbn**.  or  columnB  with  fissures  lM?twpen  Uieni  and 
etom  Mttim:  c.  Lnr^r  cjivities  in  the  enacnel.  conimunJeatlni?  witU  the  extremities  ot  bouw  of 
the  dflotina)  tuWXi  (dh    x  .150.    (KniLikrr. » 

FJ|C,  7S.— bection  t>f  tli«*,u|iper  law  cjf  a  f<i»Uil  afieep.  A,— K  Con  mi  on  enjKui^l  K**rm  drpping  down 
fnto  toe  mueslis  mecnbFaEie:  i,  pdlatttUB  firocf's.s  of  jaw;  n^  r«te  MatplghL  B.--fckHrtirm  mmllar  to  A, 
but  fMualii^  through  one  of  thespedfti  enaujel  tctrma  bere  becomioi^  nosk-Hhrnried;  c*  c\  epithelliitn 
of  mouth;  A  neeki  /*.  body  of  Bpecial  etxamt^l  p«?nii.  C.~  A  li&ter  vtA^e ;  r,  outlfno  of  i*jilthi.*liwjj  of 
gnm;/,  neck  of  eDam^l  ji^rmi  f,  enamel  organ:  p,  papflla:  *,  dental  «ac  forming:  /»,  the  enamel 
Mm  of  permiuieDt  tooth;  rtu  booe  of  jaw;  r,  Yenebeut  acnisa.  <  Waltleyer  aud  KflUfker.)  Copied 
from  QtuuD'a  ADatomy. 


grow^th,  into  a  number  of  special  enamel  germs  corresponding  to  each 
of  the  above-mentioned  milk-teeth,  and  connected  to  the  common  germ 
by  a  narrow  neck.  Each  tooth  is  tlius  placed  in  its  own  special  recess  m 
the  embryonic  jaw  (lig.  78,  B,  /y'). 
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Aa  these  cbaoges  proceed^  there  grows  up  from  the  uiiderljing  tissue 
into  each  enamel  germ  (fig.  78,  c,  p),  a  distinct  Y^cular  papilla  (dental 
papiHu),  nod  upon  it  the  enamel  germ  becomes  moulded,  and  presents 
the  appeiirance  of  a  cap  of  two  layers  of  epithelium  separated  b}"  an  in- 
terYal  (fig,  73,  ^\J'')*  While  part  of  the  sub-epithelial  tissue  is  elevated 
to  form  the  dental  papilla?,  the  part  which  bounds  the  embrjonic  teeth 
forms  the  dental  sacs  (fig.  78,  c,  s);  and  the  rudiment  of  the  jaw,  at  first 
a  bony  gutter  in  which  the  teeth  germs  lie,  sends  up  processes  forming 
partitions  between  the  teeth.  In  this  way  email  chambers  are  produced 
in  which  the  dental  sacs  are  contained,  and  thus  tlic  sockets  of  the  teeth 
are  formed.  The  papilla,  which  is  reully  part  of  the  dental  sac  (if  one 
thinks  of  this  as  the  wliole  of  the  sub-epithelial  tissue  surrounding  the 
enamel  organ  and  interposed  between  the  enamel  germ  and  the  develop- 
ing  bony  jaw),  is  composed  of  nucleated  cells  arranged  in  a  mesh  work, 
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Fift  T?.— Part  of  aectioo  of  developing  u^toth  of  a  yoiing  rat,  showio]^  the  mode  nf  deposition  of 
the  dentine.  Highly  magnined.  a,  ( lut^r  lujer  <if  fulh'  ftimit'd  denllDe;  K  uncalcifled  roatrix  with 
one  or  twrn  tiadijl«^  or  talcaneous  fiiatt4?r  near  IhecalciJl&l  p^"^-  ^"^  oiontobla^i  k  H^^iidhi^^  proc«w>es 
iuui  the  dent  in*.':  ^jf,  pulp;  t\  fuHlform  or  wtMl^fe-sbap?  celk  found  betwi't'n  ixiootoblast*;  /,  ^4'1kt« 
isflls  of  pulp  in  llbrotis  contiee live  tissue.  The  section  Ia  atain«Hl  in  carmine,  which  colors  the  un- 
caleifled  matrix  but  not  the  calcified  part.    (E.  A.  Hchftf er, ) 

the  outer  or  peripheral  part  lieing  covered  with  a  layer  of  columnar  nu- 
cleated cells  called  odonfoblash.  The  odontoblasts  possibly  form  the 
dentine,  while  the  remainder  of  the  pa]nlla  forms  the  tooth-pulp.  The 
method  of  the  formation  of  the  dentine  from  the  odontoblasts  is  said  to 
he  as  follows;  The  celts  elongate  at  their  outer  part,  and  these  processes 
are  directly  converted  into  the  tubules  of  dentine  (fig.  79,  c),  and,  ac- 
cording to  some,  into  the  contained  fibrils  us  well.  The  continued  for- 
mation of  dentine  proceeds  by  the  elongation  of  the  odontoblasts,  and 
their  subsequent  conversion  by  a  process  of  calcification  into  dentine  tu- 
bules. ^J'he  most  recently  formed  tubules  are  not  immediately  calcified. 
The  dentine  fibrils  contained  in  the  tubules  are  said,  by  others,  to  bo 
formed  from  processes  of  the  deeper  layer  of  odontoblasti,  which  are 
wedged  in  between  the  cells  of  the  superficial  layer  (fig.  79,  ^)  which  form 
the  tubules  only.  There  are  several  theories  upon  these  points.  The 
matrix,  according  to  more  recent  views,  is  formed  by  a  calcification  of 
the  fibrous  connective  tissue  developed  in  the  papilla. 

Since  the  papillge  are  to  form  the  main  portion  of  each  tooth,  i,«;,  the 


I 


THE   STRUCTURE   OF   THE    ELEMENTAEY   TISSUES*  77 

Qtine,  each  of  thorn  early  takes  the  shape  of  the  crown  of  the  tooth 
to  which  it  corresponds.  As  the  dentine  increases  in  thickness  the 
papilla?  diminish,  and  at  last  when  the  tooth  is  cut  only  a  small  amount 
of  the  papilla  remains  as  the  dental  pulp,  and  is  supplied  hy  vessels  and 
nerves  which  enter  at  the  end  of  the  root.  The  shape  of  the  crown  i)f 
the  tooth  is  taken  by  the  corresponding  papilla,  and  that  of  the  single 
or  double  root  by  the  subsequent  constriction  below  the  crown,  or  by 
division  of  the  lower  part  of  the  papilla.  The  number  of  roots  being 
shadowed  by  the  number  of  arteries  going  to  the  papilla.     The  roots 


^  -Verticil  traoBTeneaectlori 

V  tlie  cap  of  deQtitM formed  up.-.,  -ij^- ^.i.r.i,...,  r,  ,^r.< „ _. 

1  of  the  eoaznel  orgma:  e.  Kel&ilooitt  uastie:  /,  out«r  I'lnOielkU  layer  of  tb0 
ff,  iDoer  l«r«r.  and  h,  outer  layer  of  dental  ue.    x  14.    iThlerech . ) 


of  a  lcitt«Q.    a.  Dental  papilla 

ttfj;  of  eiuimel:  a,  iiui«r  layer  of 


elonsan; 


are  not  completely  formed  at  the  time  of  the  eruption  of  the  teeth,  but 
subsequently. 

The  enamel  cap  is  found  later  on  to  consist  (fig.  80,  d,  e,/)  of  three 
parts  (1)  an  inner  membrane,  composed  of  a  kyer  of  columnar  epithe- 
lium in  contact  with  the  dentine,  chilled  enamel  ceih^s^nd  outside  of  these 
one  or  more  layers  of  small  polyhedral  nucleated  cells  {Htrntnm  inter- 
medium  of  Hannover) ;  (2)  an  outer  membrane  of  several  layers  of  epi- 
thelium; (3>  a  middle  membrane  formed  of  a  matrix  of  non-vascular, 
gelatinous  tissue,  containing  stellate  cells.  The  enamel  is  formed  by 
the  enamel  cells  of  the  inner  membrane,  by  the  elongation  of  their  distal 
eitremiticB,  and  the  direct  conversion  of  their  ends  nearest  the  dentine 
apilia    into    enamel.      The   calcification  of  an  enamel  cell  or  prism 
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takes  place  first  at  its  periphery,  the  centre  remaining  for  a  time  trans- 
parent. The  cells  of  the  stratum  intermedium  are  used  for  the  regenera- 
tion of  the  enamel  cells,  but  these  and  the  middle  membrane  after  a 
time  disappear.  The  cells  of  the  outer  membrane  atrophy  early  and  dis- 
appear. 

The  cenient  or  crusta  petrosa  is  formed  from  the  internal  tissue  of 
the  tooth  sac,  the  structure  and  function  of  which  are  identical  with 
those  of  the  osteogenetic  layer  of  the  periosteum,  or,  in  other  words,  os- 
sification in  membrane  occurs  in  it. 

The  outer  layer  or  portion  of  the  membrane  of  the  tooth  sac  forms 
the  fibrous  dental  periosteum. 

This  periosteum,  when  the  tooth  is  fully  formed,  is  not  only  a  means 
of  attachment  of  the  tooth  to  its  socket,  but  also  in  conjunction  with 
the  pulp  a  source  of  nourishment  to  it.  Additional  laminae  of  cement 
are  added  to  the  root  from  time  to  time  during  the  life  of  the  tooth,  as 
especially  well  seen  in  the  abnormal  condition  called  exostosis,  by  the 
process  of  calcification  taking  place  in  the  periosteum.  On  the  other 
hand  absorption  of  the  root  may  equally  occur  through  the  same  mem- 
brane. 

In  this  manner  the  first  set  of  teeth,  or  the  milk-teeth,  are  formed; 
and  each  tooth,  by  degrees  developing,  presses  at  length  on  the  wall  of 
the  sac  inclosing  it,  and,  causing  its  absorption,  is  cut,  to  use  a  familiar 
phrase. 

The  temporary  or  milk4eeth  are  speedily  replaced  by  the  growth  of 
the  permanent  teeth,  which  push  their  way  up  from  beneath  them,  ab- 
sorbing in  their  progress  the  whole  of  the  root  of  each  milk-tooth,  and 
leaving  at  length  only  the  crown  as  a  mere  shell,  which  is  shed  to  make 
way  for  the  eruption  of  the  permanent  teeth. 

Each  temporary  tooth  is  replaced  by  a  tooth  of  the  permanent  set 
which  is  developed  from  a  small  sac  set  by,  so  to  speak,  from  the  sac  of 
the  temporary  tooth  which  precedes  it,  and  called  the  cavity  of  reserve 
(fig.  78,  Cyfp),  Thus  the  temporary  incisors  and  canines  are  succeeded 
by  the  corresponding  permanent  ones,  the  temporary  first  molar  by  the 
first  bicuspid,  the  temporary  second  molar  develops  two  offshoots,  one 
for  the  second  bicuspid,  the  other  for  the  permanent  first  molar.  The 
permanent  second  molar  is  budded  off  from  the  first  permanent  molar 
and  the  wisdom  from  the  permanent  second  molar. 

The  development  of  the  temporary  teeth  is  said  to  commence  about 
the  sixth  week  o^  intra-uterine  life,  after  the  laying  down  of  the  bony 
structure  of  the  jaws.  Their  permanent  successors  begin  to  form  about 
the  sixteenth  week  of  intra-uterine  life. 

The  second  permanent  molars  are  believed  to  originate  about  the 
third  month  after  birth,  and  the  wisdom  teeth  about  the  third  year. 
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IIL  Muscular  Tissue. 

There  are  two  chief  kinds  of  muscular  tissue,  differing  both  in  mi- 
nute gtructure  as  well  as  in  mode  of  action,  viz.,  (L)  the  plain  or  non- 

■  Distrib^ition* — Unstriped  muscle  forms  the  proper  muscnlar  coats 
™  (1.)  of  the  digestive  canal  from  the  middle  of  the  u^Hophagus  to  the  in- 
ternal sphincter  ani;  (2.)  of  the  ureters  and  urinary  bladder;  (3,)  of  the 
trachea  and  bronchi;  (4,)  of  the  ducts  of  glands;  (5.)  of  the  gall-blad- 
der; (6,)  of  the  vesiculEB  eemioales;  (7*)  of  the  pregnant  uterus;  (8.)  of 
blood-veasela  and  lymphatics;  (9.)  of  the  iris^  and  some  other  parts  of 


Unstriped  or  Plain  Muscle, 


I 


r 

H    verae  markliiesi.     >;  UH*),    B,  From  a  similar  prei^iamtk'n,  jiJumin(<  tliftteai'h  mtiscle  cell  consists  of 
■    «  tieotrml  biinate  of  Elitrils,  F  tcoDinLeUlL"  luirtj,  cutiiiieH^teo  with  tliti  Intra  uuo If ar  network.  N,  and  a 


Fig-.  81.— A,  Unstriped  muscle  eellB  Trmn  ihe  rni*s*-ntt^ry  of  a  newt,    Tlw  ELtieaib  exhibits  trans- 


1  with  annular  thkkenlnj;n«  8t.    The  cells  ahow  vmiccwitiea  ilui*  to  IticiU  cooCraction,  and  on 
tbtab  Che  annular  ttLickeniagB  are  most  marked,    x  450.    CKJelii  and  Noble  ]S<mlth,  > 

the  eye.  This  form  of  tissue  also  enters  largely  into  the  composition 
(10,)  of  the  tunim  fiarfox,  the  eontniction  of  which  is  the  principal  cause 
of  the  wrinkling  and  contraction  of  the  scrotum  on  exposure  to  cold, 
Unstriped  muscular  tissue  occurs  iargulyalso  in  the  true  skin  generally, 
being  especial  I  y  abundant  in  the  interspaces  between  the  bases  of  the 
papillae.  Hence  when  it  contract«  under  the  influence  of  cold^  fear, 
electricity,  or  any  other  stimulus,  the  papillae  are  made  nnusnally  prom- 
inent, and  give  rise  to  the  pecuhar  roughness  of  the  skin  termed  tut  in 
anaerina,  or  goose  skin.  It  occurs  also  in  the  superficial  portion  of  the 
cutis,  in  all  parte  where  hairs  occur;  in  the  form  of  flattened  roundish 
bnudlei^,  which  lie  alongside  the  hair-follicles  and  sebaceous  glands* 
Thoy  pasa  obliquely  from  without  inward,  embrace  the  aebaceous  glands, 
and  are  attached  to  the  hair- foil  ides  near  their  base* 

Structure, — Unstriated  muscles  are  made  up  of  elongated,  spindle- 
shaped,  nucleated  cells  (fig.  81),  which  in  their  perfect  form  are  flat, 
from  about  ^-^  to  ^-^^-^^  of  an  inch  broad  (7  to  8/4*  and  ^l^  to  yj-^^  of  an 
mch  (^  to  ^mm)  in  length— very  clear,  granular^  and  brittle,  so  that 


t^  ^^:  j< 
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when  they  break  they  often  have  abruptly  rounded  or  square  extremities. 
Each  cell  of  these  consists  of  a  fine  sheath,  probably  elastic;  of  a  central 
bundle  of  fibrils  representing  the  contractile  substance;  and  of  an  ob- 
long nucleus,  which  includes  within  a  membrane  a  fine  network  anasto- 
mosing at  the  poles  of  the  nucleus  with  the  contractile  fibrils.  The 
ends  of  fibres  are  usually  single,  sometimes  divided.  Between  the  fibres 
is  an  albuminous  cementing  material  or  endomysium  in  which  are  found 

'■'■  ri\  p  ri  a 


,j   I,.,,/    V-,,.    :.4 

Fig.  82.— Plexus  of  bundles  of  unstriped  muscle  cells  from  the  pulmonary  pleura  of  the  Quiuea-pig. 
X  IHO.    (Klein  and  Noble  Smith.)    A,  Branching  fibres;  B,  their  long  central  nuclei. 

connective-tissue  corpuscles,  and  a  few  fibres.  The  perimysium  is  con- 
tinuous with  the  endomysium  in  the  fibrous  connective  tissue  surround- 
ing and  separating  the  bundles  of  muscle  cells. 


Striated  Muscle. 

Distribution. — Striated  or  striped  muscle  is  found  in  the  following 
situations.  It  constitutes  the  whole  of  the  muscular  apparatus  of  the 
skeleton,  of  the  walls  of  tlie  abdomen,  etc.,  the  whole  of  those  muscles 
which  are  under  the  control  of  the  will  and  hence  termed  voluntary^  as 
well  as  certain  other  muscles,  e.g,,  of  the  internal  ear  and  pharynx  not 
directly  under  the  control  of  the  will,  and  the  heart. 

Structure. — For  the  sake  of  description,  striated  muscular  tissue  may 
be  divided  into  two  classes,  (a.)  skeletaly  which  comprises  the  whole  of 
the  striated  muscles  of  the  body  except  (b.)  the  heart : — 

(a.)  Skeletal  Muscle. — In  the  majority  of  cases  a  skeletal  muscle 
is  inclosed  in  a  sheath  of  areolar  tissue  called  the  epimysium,  which  in 
some  cases  is  a  very  thick  and  distinct  investment,  while  in  other  cases 
it  is  much  thinner.  The  sheath  sends  in  partitions  which  serve  to  sup- 
port the  fasciculi  or  bundles  of  fibres,  of  which  the  muscle  is  made  up, 
forming  more  or  less  distinct  sheaths  for  them,  called  perimysium.    The 
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fibres  themselTes  arc  supporteil  in  their  fiisciculus  by  a  scanty  amount 
of  Areolar  Usbjig  containing  plasma  cells  and  termed  vndomysivm^ 
Within  the  areolar  tissue  Bupportiiig  the  fasciculi  and  between  the  fibres 
are  contained  the  blood-vessels  and  nerves  of  the  ti&sue. 

The  muscular  fibres  of  each  fasciculus  are  pamllel  to  one  another, 
i  and  generally  speaking  so  are  the  fasciculi  themselves,  except  that  toward 

their  terminations  they  may  converge  to 
their  insertion  into  the  tendon  of  the 
muscle*  The  fasciculi  extend  throughout 
the  whole  length  of  the  muscle,  but  they 
vary  in  size  and  in  the  number  of  their  con- 


m,  OL— HiSBfrene  nectkm  tlutNi^li  muscular  flbnm  of  bumAJi  tonjunje.    The  tnujicle^oorpuicles 

Mcated  br  their  ilecf>1v-^^^ed  ttiictel  iltuAted  ftt  the  iDstdo  of  the  soreoleinma.    Eoeh  mtticle' 

\  fibre  Bfafmv  **Cohuh»^[rn  V  f^eJdii,^^  that  is,  the  saiiootis  eleitteote  \u  transverae  sectioD  neparated  by 
ar  Capparenlly  lini*ar  i  mtenitlttal  wibeiance.    X  460.    fKletn  and  Nobltj  Smith.) 
Fl|f.  Si— Miuciilar  Obre  torn  acroai;  the  sarcoleuiifia  Bifll  wDoecrliiK  the  two  |karts  of  the  fibre. 
(Todd  wsoA  Bowman.) 

tained  fibres,  both  in  different  muscles  and  also  in  the  same  muscle^  some 
muscles  having  coarse,  others  fine  fasciculi.  In  somo  eiises  it  would  seem 
that  the  perimysium  is  altogether  independent  of  the  external  sheath 
of  the  muscle.  As  to  the  fibres  of  which  the  bundles  are  made  up,  they 
have  a  distinct  elastic  sheath,  the  mnulvrnma;  their  size  varies  consid- 
erftbly.  their  eross^sectton  being  from  lOO/i  to  10//,  and  as  regards  their 


ll?^"^^^***  *  BtTiped  rnuBcle-ftbre  of  a  water  beetle  pre|Mrad  with  absolute  alcohol  A, 
nzuna:  R  Kraiuw  8  membrane.  The  sarcolpmma  showit  rwiilar  bnlj^gti.  Above  awl  below 
e  8  membrane  are  aeeii  th-i*  irnnsiiareiit  *  lateral  diucs/*  The  chief  aia»  of  &,  iiittscular  com- 
r  .^_,  *■*''*  occupied  by  the  contractile  disc  composed  of  aaroous  elementB.  The  «iir«taDt'^  of  the 
adfviduaJ  sarcous  eleraenta  baa  collected  more  at  the  extremity  tliao  ia  the  centre:  heocethla 
latter  i»  oiorv  truDftimreiit.  The  optlcBl  effect  of  this  is  that  the  contractile  dlw  appears  to  poaen 
a  '  m^dioD  dis^-  "  (1  twc  of  Heusen),  8eTerat  nuclei  of  miJ«ck>  corpuaclem  C  and  D^  are  ihown,  aod 
Id  tliera  a  mmute  ii*?twork.    x  800.    (Xleln  and  Noble  Smith) 

ahape,it  is  cylindrical  or  is  triangular,  quadrilateral,  or  pentangular  with 
^  rounded  angles.     In  length  the  fibres  seldom  exceed  an  inch  and  a  half 
6 
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(3.75  cm).  It  is  thus  evident  that  the  same  fibre  doea  not  extend  from 
one  end  of  a  muscle  to  the  other,  and  indeed  it  is  known  that  in  a  fas- 
cienlnH  fibrils  are  joined  together  by  rounded  or  angular  extremities  in* 
vested  with  their  proper  sheath  the  sarcolemma. 

Each  muscular  fibre  then  is  thus  constructed  :■ — Externally  is  a  fine, 
transparent,  gtriieto relets  menibmne,  the  AY/rrfi/r/z/w^f,  which  in  the  form 
of  a  tubular  investing  sheath  forms  the  outer  wall  of  the  fibre  and  which 
contains  the  contractile  miiterial  of  which  the  fibre  is  chiefly  made  up. 
Sometimes,  from  its  comparative  toughness,  the  sarcolemma  will  remain 
untorn,  when  by  extension  the  contained  part  can  be  broken  (fig,  84), 
and  its  presence  is  in  this  way  best  demonstrated.  The  fibres  are  of  a 
pale  yellow  color,  and  apparently  marked  by  fine  striie  which  pass  trans- 
versely round  them,  in  slightly  curved  or  wholly  parallel  lines.     The 


7\g*  80.— A*  Fonioti  of  a  medltim-slaed  hummn  muacular  Hbre.    x  flO0«    B,  Separated  bundles  of 
flbrils  equftUy  ma«:nlf)tid;  a,  a,  lai^r,  aod  6.  b,  smaller  collecifonsr  c,  sUU  smftUer;  d.  <f.  the  snulkit 


whicttc 


»  detached,  pofislbly  reproaentiD^  a  aiiiKle  series  of  s&rcouit  elemeuL    cBhajipeyO 


sarcokmma  is  a  transparent  strnctureiess  elastic  sheath  of  great  resist- 
ance which  surrounds  each  fibre  (tig.  84).  There  is  still  some  doubt  re- 
garding the  nature  of  the  fibrils. 

A  striated  muscle  fibre,  when  examined  with  a  sufliciently  high 
power  of  the  microscope,  presents  the  following  appeaninces,  longitu- 
dinally :— 

(a,)  Alternate  dark  and  light  paraUel  tranmerse  alripes,  to  which 
this  variety  of  muscle  owes  its  name,  the  depth  of  the  stripes  not 
alway-fl  being  the  same. 

(b.)  With  still  higher  powers  of  the  microscope,  the  bright  stripes 


I 
I 
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ay  be  seen  to  be  divided  in  the  middle  line  by  other  very  fine  trans- 
^Terso  dark  lines,  sometimes  called  Bolne^s  line, 

(c.)  Each  dark  stripe  may  also  sometimes  be  seen  to  be  divided  by  a 

^ clear  line,  ctilled  Ilenson's  disc, 
(d.)  Each  fibre  presents  an  appearance  of  longitudinal  striaiion  and 
after  harden ing  in  alcohol  may  be  divided  by  teasing  with  needles  into 
longitudinal  fibrils,  more  or  less  cyliudrioal  or  angular,  which  are  named 
mti^cfe  columns  or  sarcostyleSf  and  extend  thronghont  each  fibre.  Each 
of  these  appears  to  consist  of  short  columns  connected  together  by 
bright  intervals,  the  former  are  the  mrc(ni»  eknuiiis  of  Bowman.  They 
may  possibly  be  further  longitudinally  striated,  and  so  made  up  of  finer 
fibrillfe  still, 

After  treatment  with  reagents  the  fibre  may  be  split  up  into  trans- 
verse discs. 

(e,)  On  Transverse  Section. — ^The  fibre  presents  most  externally, 
,  the  outline  of  the  sarcolemma, 

(f.)  The  muBColar  substance  proper  appears  to  be  mapped  out  into 

7 


FIk.  ar.^Thre^  muscular  fibres  nroDlnc  lonRlnidfnally.  and  two  biirarJIes  of  fibiTfl  In  tranATArae  mo* 
tlou,  M.  from  the  lonjarue.    The  t-antUariwi,  C\  are  injected,     x  15*)^    (Klein  and  Nobk*  Smith,) 

limall  polygonal  areas  by  clear  lines  (fig,  83)  called  Cohnheim^a  fields,  the 
I  lines  giving  the  appearance  of  a  meshwork.  The  lines  represent  the 
transverse  section  of  the  cementing  material  between  the  sarcostyles, 
wbich  is  called  sarcoplmm, 

(g*)  Immediately  within  the  sarcolemma  in  ordinary  muscle  or  in 
the  centre  of  the  fibre  as  in  the  muscle  of  some  insects,  are  seen  clear 
oval  nuclei  called  nunicle  nuchi  or  muscle  corpuscle,  surrounding  which 
is  a  certain  amount  of  granular  protoplasm  (fig.  85). 

The  appearances  of  the  muscle  fibre  when  seen  under  the  micro- 
scope, cannot  be  said  to  be  yet  thoroughly  understood,  and  have  given 
me  to  various  theories  as  to  the  structure  of  striped  muscle^  to  several 
of  which  it  will  be  as  well  to  allude. 

Muscle  Caskets  (Krause)  Theory* — According  to  this  view  a 
muscle  fibre  is  made  up  of  transverse  compartments,  bounded  laterally 
by  the  sarcolemma,  and  above  and  below  by  a  fine  membrane,  called^ 


84 


HANDBOOK    OF    PHYSIOLOGY. 


Krause's  membrane^  which  passes  from  side  to  aide  from  the  sar^olenmui 
across  the  light  stripe.  This  membrane  corresponds  to  Dobie's  line. 
The  transverse  compartments  are  divided  kngitudimillj  into  smaller 
ones  by  lines  which  correspontl  with  the  boondaries  of  Cohnheim*8  areas, 
and  each  such  compartment  is  termed  a  muscie  cmkel.  Within  the 
middle  part  of  the  casket  is  a  muscle  prism  made  up  of  darker  rods  of 
contractile  material  called  musck  rods,  and  above  and  below  the  mnsch' 
prism  is  a  more  fluid  substance.  When  the  muscle  contracts,  the  fluid 
substance  is  pressed  more  between  the  muscle  rods,  causing  them  to  be 
further  away  from  one  another. 

Muscle  Reticolum  Theory. — According  to  the  yiewa  of  certain 
observers  (Retzius,  Melland,  Marshal!,  van  Gehuchten,  and  Camoy),  the 


Fig.  88 


rig.f«A. 


F\X'  88— TratiaverB©  sK^etioa  of  one  of  thp  trauk  muscles  of  thr  HlpiJC>cAmpu«^  etatned  In  d]lorid« 
of  gold.    tRollelH 

Fig.  8ftA,— Portioii  of  Diiisole^abru  of  Dytiacu^,  Khwwlng:  network  very  pLaluly.  Od©  of  the  trmu- 
▼erw  networks  is  split  ofr«  iwd  some  of  the  looKitudLnal  bara  aiT<  shown  broken  olT.    (ik^fter  MellaDd.) 

part  of  fresh  muscle  which  is  stained  in  chloride  of  gold,  is  a  mesh  work 
of  tibrils  which  corresponds  to  the  intracelkilar  meshwork  of  ordinary 
protoplasmic  cells,  I'.e.,  the  spongiophism,  aud  is  the  part  which  is  the 
contractile  element  in  muscle.  The  meshwork  on  one  level  is  connected 
with  the  meshwork  on  another  level  by  means  of  longitudinal  fibres,  at 
the  junction  of  which  the  meshes  appear  more  or  loss  knotted  (tigs.  88 
and  88a).  The  longitudinal  fibres  of  the  network  are,  according  to  this 
theory,  the  chief  agents  in  the  active  contraction.  The  transverse  mesh« 
work  is  more  passively  elastic,  and  may  be  the  cause  of  the  speedy  relax- 
ation of  muscle  after  contraction  has  ceased.  The  material  filling  up 
the  meshwork  is  a  more  fluid  and  non-contractile  material. 

Rollett  has  minutely  criticised  the  idea  of  the  gold-staining  sub- 
stance of  the  fibre  being  the  contractile  portion.     His  views  are  the 
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loUowiDg: — That  the  muscle-fibre  consists  of  lougitodinal  fibriUa 
grouped  together  into  muscle  coluvins^  which  are  seen  in  the  transverse 
section  as  Cohnheim's  fields,  and  that  the  iiitercolumnar  niiiterial  is 
eemi-flaid  sarcuplnsm,  A  rauscle  column  consists  of  segments  ulter- 
Qately  thin  and  thick,  while  in  the  centre  of  the  thin  portion  is  a  dark 
enlargement  forming  a  dot,  these  dots  in  Cohuheim's  arniQgemeut  cor- 
respond to  Krause^s  membrane. 

In  fresh  muscle^  at  low  focus,  according  to  this  view,  the  muscle- 
columns  appear  dark  and  the  sarcoplasma  appears  light,  the  former  are 
in  a  line  with  the  granules.  At  high  focus,  the  reverse  is  the  case,  but 
the  dark  sarcoplasma  ie  now  seen  in  line  with  two  rows  of  granules 
(fig.  89), 

Also,  that  in  gold-stained  preparations,  the  dark  row  of  granules  are 
thicknesses  of  the  sarco])lasma  between  the  thin  segments  of  the  muscle 
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Fig.  S9.— DlAffram  of  thit  aopeanDoes  In  fredi  nmade-flbra.    A.  At  low  fucus  (n)  the  ] 

obtuuiiis  appear  dUrk  and  In m  tine  with  tlte  ffranules, sarooplABtn  IfKht.    At. hi^'h  Tocua  (a)  th«  1^ 

plaam  Is  dark,  mtuicle  columiui  light,  &ad  two  rows  of  icranuleB  appear  In  a  line  with  the  sarootptaam 
Ubd  altomatiog  with  the  muscio  colnmUB.    CManhall*  after  Rcitlett.) 


Golomns^  whereas  the  two  rows  of  grannies  do  not  correspond  with 
these,  but  alternate  with  them,  belonging  as  thej  do  to  the  muscle 
columns,  and  not  to  the  sarcoplasm. 

Schufer  has  thrown  considerable  light  upon  the  controversy  by  hav- 
Bctnally  observed  that  when  a  small  portion  of  the  living  wing- 
I  of  insects  is  teased  i\\i  with  needles  in  a  small  drop  of  white  of 
egg,  the  sarcostyles  may  easily  be  separated  from  their  surrounding 
sarcoplasm,  and  may  be  aeinnlly  men  to  contract^  whereas  the  sarcoplasm 
shows  no  such  property.  According  to  this  observer  such  a  sarcostyle 
may  be  examined  thus  isolated,  both  living  and  after  treatment  with 
varions  reagents,  and  it  shows  alternate  bright  and  light  stripes,  the 
latter  being  bisected  by  a  line  which  oorresponds  wtih  Krause's  mem- 
brane. Krause's  membnme  divides  the  sarcostyle  into  tiarconu'res,  which 
contain  in  the  middle  the  strongly  refractive  disc-like  sarcous  element, 
and  above  and  below  it  hyaline  material,  which  is  bounded  by  Krause's 
membrane.  The  sarcQUs  substance  is  penetrated  by  canals^  whicli  ex- 
tend upward  and  downward  from  the  hyaline  substance  to  the  middle. 
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The  sarcous  substance  stains  with  hsBmatozylin.  A  light  interyal  may 
bisect  the  sarcous  substance  if  the  fibre  is  stretched^  which  corresponds 
with  Hensen's  disc. 

Appearances  under  Polarized  Light. — The  appearances  which 
muscle  presents  when  viewed  under  polarized  light  vary  according  as 
the  fibres  are  looked  at^  as  fresh  in  their  own  plasma,  or  as  hardened 
fibres  prepared  and  mounted  in  Canada  balsam. 

The  whole  of  the  living  fibre  may  be  doubly  refracting,  the  isotro- 
pous  part  appearing  as  rows  of  dots  separating  transversely  the  princi- 
pal material  of  the  fibre.  Shortly,  according  to  Schafer,  it  may  be  said 
that  the  sarcoplasm  is  singly  refracting,  and  that  the  sarcostyle  is  in 
great  part  doubly  refracting.  In  a  fibre  which  is  extended,  after  it  has 
been  hardened  in  alcohol  and  mounted  in  Canada  balsam,  there  are 
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Fig.  90. 


Fig.  91. 


Fig.  90.— SarcoGtyles  from  the  wing-muBcles  of  a  wasp,  a,  ▲'.  Sarcostyles  showing  degrees  of 
retraction  (?  contraction),  b.  A  sarcostyle  extended  witli  the  sarcous  elements  sepanued  mto  two 
parts,    c.  SarcoHtyles  moderately  ejctended(8emidiagrammatic).    CE.  A.  Sch&fer.) 

Fie.  91.— Diagram  of  a  sarcomere  in  a  moderaU'ly  extended  condition,  a.  and  in  a  contracted 
condition,  b.  k,  k,  Krause's  membranes;  h,  plane  of  Hensou;  s.e.,  poriferous  sarcous  element. 
(E.  A.  Schftfer.) 

alternate  dark  and  light  bands,  the  former  corresponding  to  the  light 
intervals  as  seen  in  ordinary  light,  and  the  latter  to  the  various  elements. 
When  the  fibre  is  more  contracted  the  dark  line  becomes  narrower,  and 
the  anisotropous  intervals  broader,  but  there  is  no  interval  of  the  bands 
on  contraction.  It  appears  further  that  the  chromatic  portion  only  of 
the  sarcostyles  is  anisotropous,  and  the  sarcoplasm  and  the  remainder  of 
the  fibre  is  isotropous. 

(b.)  Heart  Muscle. — The  muscular  fibres  of  the  heart,  unlike  those 
of  most  of  the  involuntary  muscles,  are  striated;  but  although,  in  this 
respect,  they  resemble  the  skeletal  muscles,  they  have  distinguishing 
characteristics  of  their  own.  The  fibres  which  lie  side  by  side  are  united 
at  frequent  intervals  by  short  branches  (fig.  92).  The  fibres  are  smaller 
than  those  of  the  ordinary  striated  muscles,  and  their  striation  is  less 
marked.  No  sarcolemma  can  be  discerned.  The  muscle-corpuscles  are 
situate  in  the  middle  of  the  substance  of  the  fibre;  and  in  correspond- 
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enoe  irith  these  the  fibres  appear  under  certain  conditions  subdivided 
into  oblong  portions  or  "  cells,**  tbe  offsets  from  which  are  the  means  by 
which  the  fibres  branch  and  anastomose  one  with  another. 

It  should  bo  noted,  however,  that  the  heivrt  muscular  fibres  are  not 
the  only  ones  which  branch,  since  the  fibres  of  the  tongue  of  the  frog, 
especially  where  they  are  attached  to  the  mucous  membrane,  present 
ibis  peculiarity;  branching  muscular  fibres  have  also  been  noted  in  the 
tongue,  and  in  the  facial  muscles  of  other  animals.  And  again,  in  the 
animala  in  which  two  kinds  of  skeletal  muscles  occur,  red  and  pale,  in 
the  rod  mnacles  the  fibres  are  muf/h  less  distinctly  striated  tmnsvorsely, 
whereas  their  longitudinal  striation  is  more  marked  than  in  the  pale 
Tariety.    They  are  also  finer  than  other  skeletal  muscles.     It  should  also 
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Ftg.  9S.— Kuaoiilar  Hbre  oelb  from  the  heart.    CE,.  A.  SchAfer.) 

Fly « Hi^— IVom  A  preparatJoD  of  tbe^uervLvterniination  iu  the  muscular  Jllires  of  a  floaJee,    o, 
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mi  r  faced,    b,  Eoil  plat*-  seen  as  iian-tsw  surf  aw.    ( LingArd  and  Klein.) 


be  added  that  in  these  red  muscles  the  earcoplasm  is  much  developed, 
and  the  muscle  nuclei  are  very  numerous,  and  may  be  situated  in  the 
middle  of  the  fibre,  as  is  the  case  with  heart  muscle  fibres. 

Blood  and  Nerve  Supply. — The  voluntary  muscles  are  freely  sup- 
plied with  blood-vessels;  the  capillaries  form  a  network  with  oblong 
meshes  around  the  fibres  on  the  outside  of  the  sarcolemma.  No  vessels 
penetrate  the  sarcolemmu  to  enter  the  interior  of  the  fibre.  Nerves  also 
are  supplied  freely  to  muscles;  the  voluntary  muscles  receiving  them 
from  the  cerebro-spinal  system,  and  the  unstriped  muscles  from  the 
sympathetic  or  ganglionic  system. 

The  nerves  terminate  in  the  muscular  fibre  in  the  following  ways: — 
(L)  In  unstriped  muscle,  the  nerves  first  of  all  form  a  jdexus,  called 
the  ground  plexus  (Arnold),  corresponding  to  each  group  of  muscle 
bundles;  the  plexus  is  made  by  the  anastomoi^is  of  the  jirimitive  fibrils 
of  the  axis-cylinders.     From  the  ground  plexus,  branches  pass  ofif.  and 
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again  anastomosmg,  form  plexuses  which  correspond  to  each  mnBcle 
hrnidh— hit ermediarrf  plej::u8eK  From  these  plexuses  branchea  consist- 
ing of  primitive  fibrils  pass  in  between  tlie  individual  fibres  and  anas- 
tomose. These  fibrils  cither  ^end  off  finer  branches,  or  terminate  them- 
selves  in  the  nuclei  of  the  miiisele  cells. 

(^.)  In  striped  muscle  the  nerves  end  in  motor inl  nid-plafes^  having 
first  formed,  as  in  the  case  of  unstriped  fibres,  ground  and  intermediary 


FHp;.  fl4.— Two  striped  niuscle-flbn^  of  the?  hyojrlosBus  of  fiw,  a,  Npfve-^nd  pl&t«;  b,  n^rre- 
fibres  leaviD^  tbe  end-plate;  c,  titrrve-flbre^^  tenidnating  after  dividln^f  lato  braocbeA  ci,  a  nuckus  in 
wriicb  two  Dervp-nbre;)  anastomose.    X  OtW.    (Arndt.) 

plexuses.  The  fibres  are,  however,  niediilljitedj  iind  when  a  branch  of 
the  intermediary  plexus  passes  to  enter  a  muscle-fibre,  its  primitive 
fiheath  becomes  continuous  with  the  sarcolemma,  and  the  axis-cylinder 
forms  a  network  of  its  fibrils  on  the  surface  of  the  fibre.  This  network 
lies  embedded  in  a  flattened  granular  mass  containing  nuclei  of  sevend 
kinds;  this  is  the  moforiai  end-plate  (figs,  113  and  94).  In  batrachia, be- 
sides end-plates,  there  is  another  way  in  w^hich  the  nerves  end  in  the  muscle 
fibres,  viz.,  by  rounded  extreniitie»j  to  which  oblong  nuclei  are  attached. 
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Development.— (K)  Vnstriped. — The  cells  of  unstriped  muscle 
are  deriTed  directly  from  embryonic  cells,  by  iku  elongation  of  the  cell, 
and  its  naclens;  the  latter  cluinging  from  a  vesicnlar  to  a  rod  shape, 

(2.)  Striped. — Formerly  it  was  supposed  that  striated  fibres  were 
formed  by  the  coalescence  of  several  cells,  but  recently  it  has  been 
preyed,  that  each  fibre  is  formed  from  a  single  cell,  the  process  involv- 
ini^  an  enormous  increase  in  size,  a  multiplication  of  the  nucleus  by  fie- 
gion,  and  a  differentiation  of  the  cell-contents.  This  view  differs  but 
little  from  another,  that  the  muscular  fibre  is  produced^  not  by  multi- 
plication of  cells,  but  by  arrangement  of  nuclei  in  a  growing  mass  of 
protoplasm  (answering  to  the  cell  in  the  theory  just  referred  to),  which 
becomes  gradually  differentiated  so  as  to  assume  the  characters  of  a 
fully  developed  muscular  fibre. 

Growth  of  Muscle^ — The  growth  of  muscles  both  striated  and 
non-striated,  is  the  result  of  an  increase  both  in  the  number  and  size 
of  the  individual  elements.  In  the  pregnant  uterus  the  fibre-cells  may 
become  enlarged  to  ten  times  their  original  length.  In  involution  of  the 
uterus  after  parturition  the  reverse  changes  occur,  accompanied  gener- 
allj  by  some  fatty  infiltration  of  the  tissue  and  degeneration  ol  the 
fibres. 

IV,  Nervous  Tissue. 

Nervous  tisane  is  found  under  the  niicroscupo  to  consist  essentially 
of  two  main  elements,  namely,  of  uqt\q  fibres  and  nerve  celh, 

Nerve-Fibres. 

Varieties. — Nerve  fibres  are  of  two  chief  kinds,  medutlaied  or  white 
Jiln'eft,  and  fiott-meduNftfed  or  r/rfji/  fibres, 

MeduUated  Fibres. — Each  modullated  nerve-fibre  is  made  up  of 
the  following  parts: — (1.)  An  external  sheath  called  the  primitive  mrrre 
sheath,  or  nucleated  sheath  of  Schwann;  {2.)  An  intermediate  or  pack- 
ing substance  knoivn  as  the  medt(nifrff  or  mt/i'iinv  itheath^  or  white  sub- 
stance of  Schwann;  and  {'})  internally  the  axis-t^ffUnder,  primitive 
band^  axis  band,  or  axial  fibre. 

Although  these  parts  can  be  made  out  in  nerves  examined  some 
,e  after  deatli,  in  a  recent  specimen  the  contents  of  the  nerve-sheath 
^appear  to  be  homogeneous.  But  by  degrees  they  undergo  changes  which 
show  them  to  be  composed  of  two  different  materials.  The  internal  or 
central  part,  occupying  the  axis  of  the  tube,  viz.,  the  axis-cylinder,  be- 
comes grayish,  while  the  outer,  or  cortical  portion  or  white  substance 
of  Schwann,  becomes  opacjue  and  dimly  granuhir  or  grumous,  as  if  from 
a  kind  of  coagulation.  At  the  same  time  the  fine  outline  of  the  previ- 
ously transparent  cylindrical  tube  is  exchunged  for  a  dark  double  con- 
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tour  (fig.  95,  B),  the  outer  line  being  formed  by  the  sheath  of  the  fibre, 
the  inner  by  the  margin  of  curdled  or  coagulated  medullary  substance. 
The  granular  material  shortly  collects  into  little  masses^  which  distend 
portions  of  the  tubular  membrane;  while  the  intermediate  spaces  col- 
lapse, giving  the  fibres  a  varicose,  or  beaded  appearance  (fig.  95,  c  and 
d),  instead  of  the  previous  cylindrical  form.  The  whole  contents  of 
the  nerve-tubules  are  extremely  soft,  for  when  subjected  to  pressure 
they  readily  pass  from  one  part  of  the  tubular  sheath  to  another,  and 
often  cause  a  bulging  at  the  side  of  the  membrane.  They  also  readily 
escape,  on  pressure,  from  the  extremities  of  the  tubule,  in  the  form  of  a 
grumous  or  granular  material. 

The  external  nucleated  sheath  of  Schwann,  also  called  the  neu- 
rilemma, is  a  pellucid  membrane  forming  the  outer  investment  of  the 
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Fig.  85. 


Fig.  96. 


Fig.  05.— Primitive  nerve-flbres.  a.  A  perfectly  fresh  tubule  with  a  single  dark  outline,  b.  A 
tubule  or  fibre  with  a  double  contour  from  commencing  post-mortem  change,  c.  The  changes 
further  advanced,  producing  a  varicose  or  beaded  appearance,  d.  A  tubule  or  fibre,  the  oentrsl 
part  of  which,  in  consequence  of  still  further  changes,  lias  accumulated  in  separate  portions  within 
the  sheath  (wagner). 

Fig.  96.— Two  nerve-fibres  of  sciatic  nerve,  a.  Node  of  Ranvier.  b.  Axis-cylinder,  c.  Sheath 
of  Schwann,  with  nuclei,     x  300.    (Klein  and  Noble  Smith.) 


nerve-fibre.  Within  this  delicate  structureless  membrane  nuclei  are 
seen  at  intervals,  surrounded  by  a  variable  amount  of  protoplasm.  The 
sheath  is  structureless,  like  the  sarcolemma,  and  the  nuclei  appear  to  be 
within  it :  together  with  the  protoplasm  which  surrounds  them  they  are 
the  relics  of  embryonic  cells,  and  from  their  resemblance  to  the  muscle 
corpuscles  of  striated  muscle  may  be  termed  nerve'corpuscles.  They  are 
easily  stained  with  logwood  and  other  dyes. 

The  medullary  or  myelin  sheath  or  white  substance  of  Schwann 
is  the  part  to  which  the  peculiar  opaque  white  aspect  of  meduUated 
nerves  is  due.     The  thickness  of  this  layer  in  nerve-fibres  varies  consid- 
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erably,  at  one  time  being  very  well  developed,  at  another  forming  bnt  a 
very  tbin  investment  of  the  axis  cylinder.  It  is  a  semi-fliiidj  fatty  sub- 
etance,  and  in  the  fibre  possesses  a  donble  contour.  It  is  said  to  be 
made  up  of  a  fine  reticulum  (Stilling,  Klein),  in  the  meshes  of  which  is 
embedded  the  bright  fatty  material.     It  stains  well  with  osmic  iw^id. 

According  to  M*Carthy  this  sheath  is  coniposed  of  small  rods  nidiat- 
ing  from  the  axis-cylinder  to  the  external  sheath  of  Schwann.     Some- 
times the  whole  space  is  occupied  by  them,  while  at  other  times  the 
rods  appear  shortened  and  compressed  laterally  into  bundles  embedded 
in  some  homogeneous  substance.     According  to  other  ob- 
servers  the   sheath  is   made   up  of  segments  which  are 
either  cylindrical  or  funnel-shaped  {Ht'rtitjt(s  of   Lnnivr- 
mtififi).     It  is  not  definitely  decided  that  these  divisions 
exist  naturally  in  the  nerve-fibre.     In  nerves  hardened  in 
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T\j£.  WT.— A  node  of  Ranritr  in  a  medullnlt^l  nf  in-e-fibn?,  vieTffwl  fmm  above.  The  inedullAlT 
dheath  i»  IntemipttMl^  ftod  the  primitive  shrotb  ihjckened.  Dipied  frtjtn  Axel  Key  uml  Hetzitia. 
X  ?K>.    CKlein  and  Nm  ble  Sini  th) 

Fig,  WL^lrfty,  jwale.  or  |ir<-latlu<>UH  nerve-flhrea.  A ,  From  n  brancli  f»f  thi>  fATac^tory  nerve  of  the 
Aeep;  two  dark  "bortlered  or  wlilte  tlhree  froun  ihc  tlfth  imir  aiv  a&i<oruited  with  the  jm\v  olfactory 
Sbros.    B.  From  the «]rmpathetic  oerve.      >  4^).     (Max  Soliultj£e.> 

alcohol,  it  is  possible  to  demonstrate  a  very  chromatic  recticulum  in  the 
medullary  sheath,  which  is  supposed  to  be  of  a  horny  nature,  since  it 
offers  moch  resistance  both  to  eheniical  reagents  and  to  digestive  fluids 
{horni/  reticiilntn  or  neuro-ki'ralin  itvlwork). 

The  axis-cylinder  consists  of  a  large  number  of  primitive /^ri7/(©. 
This  is  well  sliown  in  tlie  cornea,  where  the  axis-cylinders  of  nerves 
break  up  into  minute  fibrils  which  form  termimil  networks,  and  also  in 
the  spinal  cord,  where  these  fibrilla?  form  a  large  part  of  the  gray  matter. 
From  various  considerations,  such  as  its  invariable  presence  and  un- 
broken continuity  in  all  nerves,  tlioogh  the  primitive  sheuth  or  the 
mednllary  sheath  may  bo  absent,  there  can  be  little  doubt  that  the  axis- 
cylinder  is  the  essential  part  of  the  fibre,  the  other  parts  having  the 
io^idiary  function  of  support  and  possibly  of  insulation. 
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Nodes  of  Ranvier. — At  regular  intervals  in  most  medulla  ted  nerves 
the  nucleated  sheath  of  Schwann  possesses  annular  conBtrietions;  these 
ftre  called  nodes  (*f  Ranvkr.  At  these  points  (figa,  99,  101),  the  contin- 
uity of  iho  medullary  white  Bubatjince  is  interrupted,  and  the  primitive 
sheath  comes  into  immediate  contact  with  the  axis-cylinder.  The  seg- 
ment of  the  tibro  between  two  nodes  is  termed  an  inhrnufh,  and  the 
length  of  the  internodes  varies  in  different  nerves;  their  average  is  said 
to  bo  1  mm.  There  ie  only  one  nerve  nncleus  to  each  internode.  At 
each  node  the  iuternodcs  are  united  within  the  external  sheath  by  a 
band,  consfrkting  bfind  of  Hanvier  (fig.  101),  and  this  stains  black  with 
silver  nitrate;  the  axis-cylinders  at  the  nodes  also  are  capable  of  being 


i 


«.-./. 


,^AM.p^ 


Fi|r.  «0.»Truuifiena  tootloo  of  tbe  »iiii»  ^mamXm  uf  xhv  vaKu»  of  skate,    v.q,,  TiMNTmllfl  itmcIIod ; 


m.m/,.  medlaxi  mtMluLUted  flbrm;  «.m./.,  small  iiitHluiljLUMl  Obt-ea, 


.  8lior»*J 


stained  with  the  same  reagent,  and  so  a  node  of  Ranvier  when  stained 
with  silver  nitrate  is  marked  by  a  black  cross. 

Site. — The  size  of  the  nerve-fibres  varies  (fig,  90);  it  is  said  that 
the  same  fibres  may  not  preserve  the  same  diameter  through  their  whole 
length.  The  largest  fibres  are  found  within  the  trunks  and  branches  of 
the  spinal  nervet*,  in  which  the  majority  measure  from  14.4/i  to  19;*  in 
diameter.  In  the  so-called  visceral  nerves  of  the  brain  and  spinal  cord 
roodtillated  nerves  are  found,  the  diameter  of  which  varies  from  l.^/i  to 
3.6m.  In  the  hypoglossiil  nerve  they  ore  intermediate  in  size,  and  gene- 
rally measure  7.2;j  to  10,8;i. 

Non-medullated  Fibres.— The  fibres  of  the  second  kind  (fig.  98) 
which  are  also  called  fihren  of  Rcmak\  constitute  the  principal  pan  of 
the  trunk  and  branches  of  the  sympathetk  fiervea^  the  whole  of  the 
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olfactory  nerve,  nnd  are  mingled  in  Tarioue  proportions  in  the  cerebro- 
spinal nerves.  They  differ  from  the  preceding  chiefly  in  their  fineness, 
being  only  about  ^  to  i  as  krge  in  their  course  within  the  trunks  and 


Ffe»  100.— Tnuiaver«e  se^rtinn  f*f  tbt*  sciatic  nerre  of  a  eat  about  x  100,— It  consists  nf  hunfllm* 
(CVVniciUO  of  nerve-flbrast^itfthoathcHil  in  a  fibrous  aypportinjf  «^»r»uJe,  t'f}in^urium.  A;  eaih  luiiidN' 
mm*  a  tpeeial  stieaCh  fciot  suflleientljr  mark«>d  out  from  the  t-pineiiiriUTn  In  the  ttgiire)  or  perineurium 
B:  the  ]3enr«-flbr««  N  /  are  separateil  fmzn  one  anoth«r  by  eHtfuneurium  ,*  L,  IjmphspaoeB;  Ar, 
artery;  V,  Tfto;  F,  fat    Somewhat  dlaisTaamiatic.    (V.  D.  Ilanis.) 

bninchee  of  the  nerves;  in  the  absence  of  the  double  contour;  in  their 

contents  being  apparently  uniform;  and  in  their  having,  when  in  him- 

,  dies,  a  yellowish-gray  hue  instead  of  the  whiteness  of  the  cerobro-spinal 


g.  10L— fiereral  fibnw  of  a  bundle  of  medullatod  nerre-flhreB  acted  upon  b^  nWver  nitraM  to 
„  jMilil'  babavior  of  oodea  of  Rauvler,  K,  Kman.!  this  reA|?imt.  The  silver  IiaA  penetrated  at 
ttii«l.  ma$>  has  atained  tbe  azi8rcjrUt>der,  M,  for  a  short  dtetauce.  H,  the  white  tubalaiice. 
Bin  tM  Holito  Smith.! 

nerves.  These  peculiarities  depend  on  their  not  possessing  the  outer 
layer  of  mediiihiry  substance;  their  contents  being  composed  exclusively 
of  the  axis-cylinder.  Yet,  since  many  nerve-libres  may  be  found  which 
[Appear  intermediate  in  chamcter  between  these  two  kinds,  and  since  the 


^K  Appear  mce 
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Ijii^t'  tHtroi*.  as  they  approach  both  their  central  and  their  peripheral 
on<t.  loHo  thoir  medullary  sheath  and  aaanme  many  of  the  other  charac- 
ters of  the  thie  fibres  of  the  svmpftthetic  system^  it  is  not  necessary  to 
snp]>ose  that  tliere  is  any  material  difference  in  the  two  kinds  of  fibres, 
'Du*  non-me<lullated  fibres  frequently  branch. 

It  is  worthy  of  note  that  in  the  foetus,  at  an  early  period  of  develop- 
nu-nt.  :i\\  nerve-fibres  are  non-mednllated. 

Nerre-tninks. — Each  nenre-tmnk  is  composed  of  a  variable  num- 
)'CT  Mf  di^erent-sized  bandies  {funiculi)  of  nerve-fibres  which  have  a 
4]wo:.il  sheath  (;«rriii^irri'ffm).  The  funiculi  are  inclosed  in  a  firm  fibrous 
^'r.i'^ib  i/j*uitvn'Mm)i  this  sheath  also  sends  in  processes  of  connective 


TVr  IT     Himll  bnutcfa  of  a  muscular  nerve  of  the  frog,  near  its  terminatioD,  showing  dl^isioiis 
-sjtfttNa    «..  aio  twu:  Ik  into  three,    x  850.    (ICdlliker.) 

rhkh  connect  the  bundles  together.     In  the  funiculi  between  the 
Ircvtf  i**  delicate  supporting  tissue  (the  endoneurium). 

TlMK  are  namerous  lymph-spiices  both  beneath  the  connective  tissue 
r?T?«(iBg  indiTidual  nerve-fibres  and  also  beneath  that  which  surrounds 

TI^  ?£IlicillL 

Ftnenr  nerre-fibre  in  its  course  proceeds  uninterruptedly  from  its 
ir»r  is:  a  nerve-centre  to  near  its  destination,  whether  this  be  the 
rr  of  the  body,  another  nervous  centre,  or  the  same  centre  whence 

of  fibres  run  together  in  the  nerve-trunk,  but  merely  lie  in 
to  each  other;   they  do  not  unite:   even  when  they  anas- 
no  union  of  fibres,  but  only  an  interchange  of  fibres 
itomosing  funiculi.     Although  each  nerve-fibre  is  thus 
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single  and  nndiTided  through  nearly  its  whole  cotirBe^  yet  as  it  ap- 
proaches the  region  in  which  it  terminates,  individual  fibres  break  up 
into  several  subdivisions  before  their  final  ending* 

Plexuses. — At  certain  parts  of  their  course,  nerves  form  plexusss, 
in  which  they  anastomose  with  each  other^  as  in  the  case  of  the  brachial 
and  lumbar  plexuses.  The  objects  of  such  interchange  of  fibres  are: — 
(a),  to  give  to  each  nerve  passing  off  from  the  plexus^  a  wider  connection 
ith  the  spinal  cord  than  it  would  have  if  it  proceeded  to  its  destina- 
tion without  such  communication  with  other  nerves.     Thus,  each  nerve 


from  btnnui  eerebeDum  ;  ax, 
rmmded  with  m  noeleAtcd  abeftth. 


Noble  BmithO 

r  odl  from  the 
spliidle-thftpeil; 

prooen ;  p,  protoplaomic  pfooeM ;  4,  h,  t«ro  cells  •or- 


by  the  wideness  of  its  connections  is  less  dependent  on  the  integrity  of 
any  single  portion,  whether  of  nerve-centre  or  of  nerve-trunk,  from 
which  it  may  spring.  (6)  Each  part  supplied  from  a  plexus  ha^  wider 
relations  with  the  nerve-centres,  and  more  extensive  sympathies;  and, 
by  means  of  the  same  arrangement^  groups  of  moscles  nmy  be  co-ordi- 
nated, every  member  of  the  group  receiving  motor  filaments  from  the 
lame  parts  of  the  nerve-centre,  (c)  Any  given  part,  say  a  limb«  is  len 
dependent  upon  the  integrity  of  any  one  nerve. 

Nerve  Terminations* — As  meduUated  nerve-fibres  approach  their 
terminations  they  lose  their  medullary  sheath  and  consist  then  merely 
of  azi0-cyUxider  and  primitive  sbeatlu    They  then  lose  also  the  latter  and 
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only  the  axis-cylinder  i8  left  with  here  aud  there  a  nerve-corpuscle  partly 
rolled  roand  it  Finally,  even  this  investment  ceases  and  the  aiig- 
cylinder  breaks  up  into  ita  elementary  fibrillae. 


Nerve-cells. 


d 


Nerve-cellg,  also  known  as  nerve-corpuscles,,  comprise  the  second 
principal  element  of  nervous  tissue.  They  are  not  generally  present  in 
nerve-trunks,  but  are  found  in  collections  of  nervous  tissue  called  ganglia. 
They  vary  considerably  in  jikapey  size,  and  Mructurtj  m  different  situations. 


Fllf.  KXk^An  fBolated  svnipatlietie  fcanjurlloQ  cell  of  man  -u  >•.^  ,_'  sheath  with  nucjeated-cell 
Unmg,  B.  A.  GaosrIicKi  cdJ,  with  nucleus  and  nucteoliia.  C.  htnujcbpd  process,  D.  Uobranched 
process.    (Key  and  Retsdos.)    x  750, 

Nerve-cells  are,  as  a  rule,  provided  witli  very  large  round  nuclei  in 
which  one  or  more  nucleuH  are  very  marked.  The  protoplasm  of  the 
cells  is  granular,  but  may  be  striated  or  reticular.  They  often  contiiin 
deposits  of  yellowiah-brown  pigment 

a.  Some  nerve-cells  are  small,  generally  spherical  or  ovoid,  and  have 
a  regular  uninterrupted  outline.  These  i<in(f!e  nerve-cells  are  most  nu- 
merous in  the  sympathetic  ganglia;  each  is  inclosed  in  a  nucleated 
sheath.  L  Others,  which  are  called  caudate  or  stellate  iierve-celh  (fig, 
103),  are  larger,  and  have  one,  two,  or  more  long  processes  issuing  from 
them,  the  cells  being  called  respectively  unipolar^  bipolar,  or  m^ilfipolar: 
which  processes  often  divide  and  subdivide,  and  appear  tubular 


I 
I 


^ 


k 
^ 
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filled  with  the  same  kind  of  graiuilar  materiiil  that  is  contained  within 
the  celL  Of  these  processes  some  uppear  to  taper  to  a  point  and  ter- 
minate at  a  greater  or  less  distunce  from  the  cell;  some  rtjipear  to  nmis- 
tomose  with  similar  offjsets  from  other  cells;  while  gfuemlly  only  one 
proceed  from  each  cell  is  continuous  with  a  nerve-fibre,  the  prolongation 
from  the  cell  by  degrees  assuming  the  charaeteri?  of  the  nerve-Jibre  with 
which  it  is  continuous.  This  is  known  as  the  axis-cylinder  process.  In 
bipolar-eelh^  however,  one  pole  may  be  continuous  with  a  medulla  ted 
fibre,  and  the  other  with  a  non-mednlhiled  one,  or  both  poles  may  pass 
into  tibres  of  the  one  or  the  other  kind. 

Ganglion-cells  are  generally  inclosed  in  a  transparent  membranous 
capsule  similar  in  appearance  to  the  external  nucleated  sheaih  of  nerve- 
fibres:  within  this  L-iipsule  is  a  htyer  of  snuiU  flattened  cells. 

The  process  of  a  nerve-cell  which  becomes  continuous  with  a  nerve- 
fibre  is  alwavfl  unbranched  as  it  leaves  the  cell.  It  at  first  has  all  the 
characters  of  an  axis-cylinder,  but  soon  Jicquires  a  medullary  sheath, 
and  then  may  be  termed  a  nerve-fibre.  This  continuity  of  nerve-cells 
and  fibres  may  be  readily  traced  out  in  the  anterior  cornua  of  the  gniy 
matter  of  the  spinal  cord.  In  many  \i%Tgt^  branched  nerve-cella  a  distinctlj 
fibrillated  appearance  is  observabk;  the  fihrillaj  are  probably  continuous 
with  those  of  the  axis-eyliuder  of  a  nerve. 

Other  points  in  the  structure  of  nerve-cella  will  be  mentioned  under 
the  account  of  the  central  nervous  system* 


Nenre  Terminations. 


^ 


it 


Nerve-fibres  terminate  peripherally  in  many  parts  of  the  body  in  cer- 
tain special  end-organs  of  which  the  following  are  the  chief: 

Pacinian  Corpuscle, — The  Pacinian  bodies  or  corpuscles  (flgs,  lOS 
and  107),  named  ufter  their  discoverer  Pacini,  also  called  mrpumtJrn  nf 
Vaietf  are  little  elongated  oval  bodies,  situated  on  some  of  the  cerebro- 
spinal and  sympathetic  nerves,  especially  the  cutaneous  nerves  of  the 
hands  and  feet;  and  on  branches  of  the  liirgo  sympathetic  plexus  about 
the  abdominal  aorta.  They  often  occur  also  on  the  nerves  of  the  mes- 
entery, and  are  especially  well  seen  even  by  the  nriked  eye  in  the  mesen- 
tery of  the  cat.  They  have  been  ubserved  also  in  the  pannreas,  lymphatic- 
glands  and  thyroid  glands,  as  well  as  in  the  penis  of  the  cat.  Each  cor- 
pUBcle  is  attached  by  a  narrow  pedicle  to  the  nerve  on  which  it  is  situ- 
fttedi  and  is  formed  of  several  concentric  layers  of  fine  membrane,  con- 
sisting of  a  hyaline  grouud-memljrane  with  connective  tissue  fibres,  each 
yer  being  lined  by  endothelium  (lig.  107);  through  its  pedicle  passes 
a  single  nerve-fibre,  which,  after  traversing  the  several  concentric  layers 
and  their  immediate  spaees,  enters  a  central  cavity  and»  gradually  losing 
iU  dark  border  and  becoming  smaller,  termiufltes  at  or  near  the  distal 
7 
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011(1  of  tho  cavity,  in  a  knob-liko  enlargement  or  in  a  bifurcation.  The 
cnliirgoniont  commonly  found  at  the  end  of  the  fibre  is  said  by  Pacini 
to  resemble  a  ganglion  corpuscle;  but  this  observation  has  not  been  con- 
firmed. In  some  cases  two  nerves  have  been  seen  entering  one  Pacinian 
body,  and  in  others  a  nerve  after  passing  unaltered  through  one  has 
been  observed  to  terminate  in  a  second  Pacinian  corpuscle.  The  physi- 
ologiciil  import  of  these  bodies  is  still 
obscure. 

The  corpuscles  of  Herbst  (fig. 
109)  are  closely  allied  to  Pacinian  cor- 
puscles, except  that  they  are  smaller 
and  longer  with  a  row  of  nuclei  around 
the  central  termination  of  the  nerve 


Fig.  100.  Fig.  107. 

Fb|.  101— KstrcDiitles  of  a  nerve  of  the  tiuf^r  with  Paciniau  comuscles  attached,  about  the 
natiuS  iritae  (Mtaptod  from  Henle  and  K511iker^. 

Fig.  lOT.— FMhilan  oorfiUBcle  of  tlie  cat's  infsenttTy.  The  stalk  conRistH  (»f  a  nerve-flbre  (N) 
with  Iti  tldok  outor  ■heath.  The  peripheral  caiisules  <^f  tho  Pacinian  cr»rpu{u:le  are  coutinuouM  with 
the  outer  iliwfh  of  the  stalk.  The  int'eniiediary  i)art  becomes  much  narrower  near  the  entranix^  of 
the  axift^llBderllilo  the  dear  central  mass.  A  hook-shaiKNl  tenninatiou  with  the  end-bulb  (T)  is 
wen  fn  the  upper  part.  A  hlood-vessel  (V)  enters  t.hf  Pacinian  corpuscle,  and  approaches  the  end- 
hulh:  It  poMMHO  A  iheath  which  is  the  continuation  of  tlie  i>eripheral  capsules  of  the  Pacinian 
corpiade.    X  lOOi   (Klein  and  Noble  Smith.  > 

in  the  core.  They  have  been  found  chiefly  in  the  tongues  of  ducks. 
The  oapraleB  are  nearer  together,  and  toward  the  centre  the  endo- 
thelial flheath  appears  to  be  absent. 

End-lllllbs  are  found  in  the  conjunctiva^  in  the  glans  penis  and 
cIitori% in  the  skin,  in  the  lips,  and  in  tendon;  each  is  about  -^  inch  in 
diametor,  oteI  or  spheroidal,  and  is  composed  of  a  medullated  nerve- 
fibre^  iriiieh  terminates  in  corpuscles  of  various  shapes,  with  a  capsule 
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containing  a  traiiBparent  or  striated  mass  in  the  centre  of  which  ter- 
minates the  axis-cylinder  of  the  nervi>fibro,  the  ending  of  which  is  some- 
what dul)bed  (fig.  110). 

Touch-corpuscles  (fig.  ill),  are  found  in  the  papillae  of  the  skin 


^ 


Ftg.  loe — Summit  of  m  Padnian  corpuaele  of  the  hiimau  flngtT,  fthowtnjf  the  ^ndntbellAl  membnuiM 
Unkig  the  capstiles.    x  £W.    (KkdD  aud  Noble  Smilb.) 


f,-li.:AKi^^i6i 


of  the  fingers  and  toes,  or  among  its  epithelinm:  they  may  be  simple  or 
I  compound;  when  simple,  they  are  large  and  slightly  flattened  transpar- 
H  ent  nucleated  ganglion  cellsj  incloeed  in  a  capsule;  when  compound  the 

W^fS^  ^^'  ^^'  FiK.  no, 

'  yi^.  100.' -A  corpuscle  of  Herbst,  from  the  tonriie  of  a  duck,    ri,  MeduUated  nerve  cot  awsy. 

Fig.  110.— End-bulb  of  Eraufte.    a,  MedulLnied  nerve  flbiv,    6,  CapBuJe  of  corpuscle. 

capsule  contains  several  small  cells.  They  are  small  oblong  masses, 
about  ^Ij^  inch  long,  and  ^  Inch  broad.  Some  regard  tciuch-corpnscles 
as  little  else  than  masses  of  fibrous  or  connective  tissue,  surrounded  by 
elastic  fibres  and  formed,  according  to  Huxley,  by  an  increased  develop- 


^ 
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Htnt  of  the  primitivo  eheaths  of  the  nerve-fibres  entering  the  impillj». 
CHberit  however^  believe  that,  inetead  of  thus  consisting  of  a  homogeneous 
WW  of  coanective  tissue,  they  are  special  and  peculiar  bodies  of  laini- 


fc  tll.^FaplUa'  from  the  akin  of  the  haoii.  freed  from  the  cuticle  an  i  cor* 

u  Stmple  papilla  with  four  nerv*»-fibrt« ;  o,  tACtile  corpu»clt?«  ;   ^  i  idling 

I  «  mmA  e.  wl  Papillii  treated  with  aeeiie  acid:  «»  cortical  Jayer  wfrh  ctlU aud  flno elaiiiio  flla 
B;  K  tacdle  oorpyscle  vIOsl  tmimverfie  oiirlt-1:  r.  entering  iier^e  wkh  uemilemma  or  perineu* 
I ;  d  and  e,  nerre^fibrea  windiDg  round  the  corpuacJe.     x  350.    cK^Uikcr  j 


Md  gtmeture  directly  concerned  in  the  sense  of  touch.  They  do 
nnr  in  all  the  papillae  of  the  parts  where  tliey  are  found,  and,  as  a  rule, 
I  tlie|Mipill8B  in  which  they  are  present  there  are  no  blood-vessels.  Since 
bodies  in  which  the  nerve-fibres  end  are  only  met  with  in  the 
of  highly  sensitive  parts,  it  is  inferred  that  they  are  specially 


no^^i 


1 


rtj.  Ill 


Flg,ll», 


fte.  Ui!,— A  corpQBcle  of  Orandry,  from  the  toceiie  «f  a  duck. 

T^l  IIS.— A  touch-corpuscle  of  Meis«tit?r,  from  the  skJu  of  the  humaj]  hand. 


in  the  sense  of  touch,  yet  their  absence  from  the  papiil®  of 
^Cmcttle  parts  shows  that  they  arc  not  essential  to  this  sense. 
^  wouliar  way  in  which  the  ineduliated  nerve  winds  round  and 
I A^  corpuscle  before  it  enters  it  is  shown  in  fig.  HI. 
llMiits  sheath  before  it  enters  into  the  interior,  and  then  its  axis- 
fiohos  and  the  bninchea  coil  round  the  corpuscle  {fig,  HI), 
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anastomosing  with  one  another  and  ending  in  penr-shaped  enlarge- 
ments. 

Tho  corpuscles  of  Grandy  (fig.  112)  form  another  variety,  and  have 
been  noticed  in  the  beaks  and  tongues  of  birds.  They  consist  of  cor- 
pngcles  oval  or  spherical,  contained  within  a  delicate  nucleated  eheath* 
»nd  containing  several  cellg,  two  or  more  compressed  vertic4illy;  The 
cells  are  ^anular  and  transparent,  with  a  nucleus.  The  nerve  enters  on 
one  side  and  Jay  ing  aside  its  medullary  sheath^  terminates  in  or  between 
the  cells. 

Nerve  terminations,  probably  aensoryin  function,  are  found  in  inter- 
muscular ti&sue  (figfi.  114j  115),  and  ako  in  tendon.     The  former  are 


'■//r<f7^. 


^^^ 


¥\K  114. 


PlK.  Ill 


Fijr- 114.— Term ioilioo  of  aiedullat«d  nerve-ftbrw!  in  tandop  near  the  munctilar  iCB4»rtkin.   CGolgt) 


Fi^  n&.— One  of  the  retk'ulfitt^  CTMl'|»Uvt«*  of  %,  114,  more  hij^hly  nta^iAed.     a,  MeduUttted 

Fite.  nil 

naditfEiled  aerre-flbro,    (Ool^/) 


nKv— A  tojrmiiuiiLoQ  of  a  modulhited  iberre-flbre  to  tendoo,  lower  half  wftli  ooDTolutod 


reticulated  end-plates,  and  the  latter  are  something  like  email  Pacinian 
corpuscles  (fig.  116). 

In  addition  to  the  special  end  organs,  sensory  fibres  may  terminate 
in  plexuseSi  as  in  the  sub-epithelial  and  the  intra-epithelial  plexus  of 
the  cornea. 

The  terminations  of  the  nerven  of  special  mn»e  will  be  considered  in 
the  Chapter  on  the  Special  Senses. 

The  terniinatione  of  nerves  in  musch^  both  striped  and  nnstriped, 
have  been  already  described. 

The  ending  of  nerves  in  the  cells  of  the  salivary  glands  which  has 
been  described  by  Pfiiiger  will  be  noticed  further  on. 


CHAPTER  lY. 


THE  CHEMICAL  COMPOSITION  OP  THE  BODY. 

Of  the  known  chemical  elements  of  which  about  sixty-seven  have 
been  isolated  no  less  than  seventeen  combine,  in  larger  or  smaller  quan- 
tities^ to  form  the  chemical  basis  of  the  animal  body. 

The  substances  which  contribute  the  largest  share  are  the  non-me- 
tallic elements,  Oxygen,  Carbon,  Hydrogen,  and  Nitrogen — oxygen  and 
carbon  making  up  altogether  about  85  per  cent  of  the  whole.  The  most 
abundant  of  the  metallic  elements  are  Calcium,  Sodium,  and  Potassium,* 

Few  of  the  elements,  however,  appear  free  or  uncombined  in  the  an- 
imal body.  They  are  generally  united  together  in  variable  proportions 
to  form  compounds.  The  only  elements  which  have  been  found  free 
in  the  body  are  oxygen,  nitrogen,  and  hydrogen,  the  first  two  in  the 
blood,  and  hydrogen  as  well  as  oxygen  and  nitrogen  in  the  intestinal  canal. 

It  was  formerly  thought  that  the  more  complex  compounds  built  up 
by  the  animal  or  vegetable  organism  were  peculiar  and  could  not  be  made 
artificially  by  chemists,  and  under  this  idea  they  were  formed  into  a  dis- 
tinct class,  termed  organic.  This  idea  has  long  been  given  up,  but  the 
name  is  still  in  use  with  a  different  signification.  The  term  is  now 
applied  simply  to  the  compounds  of  the  element  carbon,  irrespective  of 
their  origin. 

A  large  number  of  the  animal  organic  compounds,  particularly  those 
of  the  albuminous  group,  are  characterized  by  their  complexity.  Many 
elements  enter  into  their  composition,  thereby  distinguishing  them  from 
simple  inorganic  compounds.  Many  atoms  of  the  same  element  occur 
in  each  molecule.  This  latter  fact  no  doubt  explains  the  reason  of  their 
instability.  Another  great  cause  of  the  instability  is  the  frequent  pres- 
ence of  nitrogen,  which  may  be  called  negative  or  undecided  in  its  affin- 
ities and  may  be  easily  separated  from  combination  with  other  elements. 

*  The  following  table  represents  the  relative  proportion  of  the  various  ele> 
ments.  —  (Marshall. ) 

Oxygm 72.0 

Carbon 13.5 

Hydrogen  .  .9.1 

Nitrogen  .    .       2.5 

Calcium  .        .        .        .1.3 

Phosphorus         .  .    .      1.15 

Sulphur 1476 

Sodium 1 

Chlorine 085 


Fluorine 08 

Potassium 026 

Iron 01 

Magnesium 0012 

Silicon 0002 

(Traces  of.  copper,  lead,  and 
aluminium) 
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Animal  tissues,  containing  as  they  do  these  organic  nitrog     ouscom- 
Ipounds,  are  extremely  prone  to  undorgo  decomposition.     They  also  con- 
I  tain  much  wafer,  a  cireumstunce  very  favorable  to   the  breaking  up  of 
«uch  substances.     It  is  due  to  this  tendency  to  decomposition  that  we 
1  meet  with  so  large  a  number  of  decomposition  products  among  the  chem- 
ical substances  forming  the  basis  of  tho  animal  body. 

The  various  substances  found  in  the  animal  organism  may  be  conven- 
iently considered  according  to  the  following  chisaification :  L  Organic 
— ^a.  Nitrogenous  and  b*  Non-Nitrogenous.    2.  Inorganic. 


Organic  Substances. 


I    Nitrogenous  orgayiic  bodies  take  the  chief  part  in  forming  the  solid 
tissues  of  the  body,  and  are  found  also  to  a  considerable  extent  in  the 
circulating  fluids  (blood,  lymph,  chyle),  the  secretions  and  excretions. 
They  often  contain  in  addition  to  cjirbonj  hydrogen^  nitrogen^  and  oxy- 
gen, the  elements  sulphur  aud  phosphorus;  but  although  the  composition 
of  most  of  them  is  approjtimately  known,  no  general  rational  formula 
cj^n  at  present  be  given. 
H        It  will  be  convenient  to  give  an  account  of  the  Proteids  and  Gelatins 
"in  this  Chapter,  as  these  constitute  the  most  important  classes  of  nitro- 
genous organic  substances.     The  other  njembersare  Decompoaiiion  prnd- 
^^V€f»,  the  chief  of  which  is  Trea,  found  for  the  most  part  in  the  urine; 
^^firmails:  Pigments;  and  other  bodies  and  will  be  more  appropriately 
Hpiiiated  of  later  on. 

Proteids  are  also  called  Albuminous  substances.  They  are  the  chief 
of  the  nitrogenous  organic  compounds  and  exist  in  both  phiiits  and  ani- 
mals, one  or  more  of  them  entering  as  an  essential  part  into  the  forma- 
Ition  of  all  living  tissue.  In  the  lymph,  chyle,  and  blood,  they  exist 
abundantly.  Very  little  is  known  with  any  certainty  about  their  chem- 
ical composition.  Not  a  single  member  of  the  class  has  yet  been  syn- 
thesized. Their  formuhi  is  unknown,  the  clicmists  who  have  attempted 
to  construct  it  ditfering  very  greatly  among  themselves.  In  fact  the 
very  term  protcid  is  an  extremely  arbitrary  one.  It  simply  means  a 
tody  whif*h,  according  to  Hoppe-Seyler,  contains  in  its  molecule  tho 
elements  carbon,  hydrogen,  nitrogen,  oxygen,  and  sulphur,  in  certain 
arbitrary  but  varying  amounts,  thus— Carbon,  from  51,5  to  54,5;  Hy- 
^  dro^en,  from  a9  to  7.3;  Nitrogen,  from  15;2  to  17,;  Oxygen,  from 
■  20.9  to  23.5;  Sulphur,  from  .3  to  2. 

Propertietf  of  Proieids, — Proteids  are  for  the  most  part  amorphous 
and  non-crystallizable.  Certain  of  the  vegetable  proteids  have,  it  is 
said,  been  crystallized,  and  according  to  Hofmeister,  egg  albumin  is  also 
capable  of  crystallization.  They  possess  as  11  rule  no  1*0 wer  (or  scarcely 
any)  of  passing  tlirough  animal  membranes.     They  are  solublcj  but  uu- 
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dcrgo  alteration  in  composition  in  strong  acids  and  alkalies;  some  are 
soluble  in  water^  others  in  neutral  saline  solutions,  some  in  dilute  acids 
and  alkalies,  few  in  alcohol  or  ether.  Their  solutions  exercise  a  left- 
handed  action  on  polarized  light. 

The  hope  that  it  may  be  possible  in  the  immediate  future  to  synthe- 
size proteids  is  rendered  all  the  weaker  because  of  the  extraordinary 
variety  of  compounds  obtained  by  the  decomposition  of  proteids  by  va- 
rious chemical  methods,  the  compounds  differing  according  to  the 
method  employed.  In  the  body  it  seems  clear  that  living  proteid  is 
built  up  by  the  food  supplied  to  it,  which  necessarily  contains  proteid 
derived  either  from  a  vegetable  or  an  animal  source;  how  this  process 
takes  place  we  are  yet  unable  to  say.  In  the  course  of  later  chapters  in 
this  book  we  shall  endeavor  to  trace  the  steps  of  the  breaking  up  of  pro- 
teid iu  the  body,  but  we  may  anticipate  by  mentioning  that  it  is  now 
generally  believed  that  the  ultimate  products  of  this  decomposition  are 
ureay  a  body  the  formula  of  which  is  CO  (Nn2)2,  carbon  dioxide  and 
water,  while  the  intermediate  substances  or  by  products  are  glycin 
(C2  H5  NOa),  leucine  (CellisNO?),  uric  acid,  and  possibly  carbohydrate 
bodies.  When  proteid  material  is  decomposed  by  putrefaction,  by  the 
action  of  chemical  reagents,  e.^.,  acids,  alkalies,  or  by  heat,  various  bodies 
are  produced,  of  which  amido-acids  (acids  in  which  o^e  or  more  of  the 
hydrogen  atoms  of  the  nidicle  of  the  acid  arc  replaced  by  amidogen, 
N  H2)  and  bodies  belonging  to  the  aromatic  or  benzene  series  predom- 
inate. Hence  it  comes  that  various  theories  of  the  way  in  which  pro- 
teids are  built  up  have  arisen.  The  one  which  has  appeared  to  have 
received  the  greatest  support  is  that  of  Latham.  This  observer  has 
suggested  that  proteid  may  be  considered  as  made  up  of  a  series  of 
cyan-alcohols,  (bodies  obtained  by  the  union  of  any  aldehyde  with  hy- 
drocyanic acid)  with  a  benzene  nucleus.  Taking  ordinary  ethyl  alcohol, 
CH3,CH2,OH,  as  the  type,  the  aldehyde  of  which  is  CHsjCHO,  the  cor- 
responding cyanalcohol  would  be  Cll8,CH,CN,0H. 

Proteids  give  certain  general  chemical  reactions.  They  are  a  little 
varied  in  the  case  of  each  particular  substance.  The  chief  of  these  are 
as  follows : 

i.  Xantho-Proteic  Reaction. — A  solution  of  any  proteid  boiled 
with  strong  nitric  acid  becomes  yellow,  and  the  cooled  solu- 
tion is  darkened  on  the  addition  of  ammonia.  In  some  cases 
there  is  first  of  all  a  white  coagulum  thrown  down  with  the 
acid;  this  speedily  becomes  yellow  on  boiling, 
ii.  Biuret  (Piotrowski's)  Reaction. — With  a  trace  of  copper 
i  sulphate  and  an  excess  of  potassium  or  sodium  hydrate  they 

give  a  pvrple  (or  rose  red);  with  ammonia  instead  of  the 
fixed  alkalies,  a  blue  coloration. 
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Millon's  Reaction. ^WitU  Millon'e  reugoiit  {n  solution  of 
metallic  mercury  in  strong  nitric  acid),  they  give  a  white  or 
pinkish  dotted  precipitute,  becoming  more  pink  or  rod  on 
boiling.  This  test  h  said  to  be  due  to  tlie  presence  of4yro- 
iine,  an  aromatie  compound  in  the  proteid  molecule. 
iv.  Ammonium  Sulphate  Reaction.— Tliey  are,  with  the  ex- 
ception of  peptone,  entirely  precipitated  from  their  solu- 
tions by  satunition  with  ummouium  sulphulc , 

sy  of  the  proteids  give,  in  addition,  the  following  tests: 

V.  With  excess  of  acetie  acid,  and  potaasium  ferrocyanidej  a  white 

preciintate, 
vi.  With  excess  of  acetic  acid  and  a  saturated  solution  of  sodium 

sulphate,  on  boiling,  a  white  precipitate.     This  test  is  often 

used  to  get  rid  of  nil  traces  of  proteid  a,  except  peptones, 

from  solutions. 
vii.  Boiled  with  strong  hydrochloric  acid,  they  give  a  viohf  red 

col  o  rati  OIL 
viii»  With  cune  sugar  and  strong  sulphuric  acid,  on  heating,  they 

give  sl  purpUsh  coloration, 
ix.  They  are  precipitated  on  addition  of — citric  or  acetic  acid, 

and  picric  acid;  or  citric  or  atretic  aeid,  and  sodium   tung- 

state;  or  citric  or  acetic  acid,  mid  potassio-mercuric  iodide; 

and  with  manv  other  metallic  salts  insoIutioTi  and  byaicohoh 


Vnrit'fies. — Proteids  are  divided  into  clas.^es,  chiefly  on  the  basis  of 
their  sohibilities  in  various  reagents.  Each  class,  liuwever,  if  it  contains 
more  than  one  substance,  may  often  be  distinguished  by  other  ji roper- 
ties  common  to  its  members.  Not  eTcry  one  of  the  proteids  enumerated 
is  contained  in  tlu^  animal  tissues,  some  are  used  as  food. 

(1.)  Native- Album  ins, — ^These  substances  are  soluble  in  water  and  in 
saline  solntions^  and  are  coagulated,  Li\^  turned  into  coagulated  proteid, 
on  heating. 

(2.)  Derived' Album i tiii, — These  are  soluble  in  acids  or  alkalies,  in- 
Bolnlde  in  saline  solutions  and  in  water,  and  not  coagulated  on  heating. 

(3.)  GluhnU)!.^, — These  are  sohiblc  in  strong  or  in  weak  saline  solu- 
tions, in  dilute  acids  and  alkalies,  and  insoluble  in  water.  They  are 
coagulated  on  heating* 

(4.)  Pndfimes, — These  are  soluble  in  water  and  dilute  saline  solutions, 
precipitated  by  saturation  with  magnesinm  sulphate  or  else  with  ammo- 
nium sulphate;  precipitated  but  not  coagulated  by  alcohol;  precipitated 
by  nitric  acid,  the  precipitate  beiug  dissolved  on  heating,  and  reappears 
on  cooling,  not  preci]>itatcd  by  heat. 

(5.)  Peptoms, — These  are  soluble  in  water,  saline  solutions,  acids,  or 


lOG  HANDBOOK   OF   PHYSIOLOGY. 

alkalies;  not  precipitated  on  saturation  with  any  neutral  salt;  the;  are 
not  coagulated  on  heating. 

(6.)  Fibrin. — It  is  insoluble  in  water,  in  dilute  saline  solutions,  or 
in  dilute  acids  or  alkalies;  soluble  in  strong  saline  solutions  (partly)  and 
in  strong  acids;  soluble  to  a  certain  extent  in  strong  saline  solutions 
and  in  gastric  or  pancreatic  fluids. 

(7.)  Coagulated  Proteids. — These  are  of  two  classes,  either  coagulated 
by  (a)  action  of  ferments,  or  (b)  Jmit,  These  are  soluble  only  in  gastric 
or  pancreatic  fluids,  forming  peptones. 

(8.)  Lardacein,  or  Amyloid  substance, — This  body  is  generally  in- 
soluble, oven  in  gastric  or  pancreatic  fluids  at  ordinary  temperatures.  It 
gives  a  brown  coloration  with  iodine. 

Native- Albumins. — Of  native-albumins  there  are  three  varieties: 
(a)  egg  albumin;  (b)  serum-albumin;  and  (c)  cell-albumin. 

Egg  Albumin  is  contained  in  the  white  of  the  Qgg. 

When  in  solution  in  water  it  is  a  transparent,  frothy,  yellowish  fluid,, 
neutral  or  slightly  alkaline  in  reaction.  It  gives  all  of  the  general  pro-* 
teid  reactions. 

At  a  temperature  not  exceeding  40°  C.  it  is  dried  up  into  a  yellowish,^ 
transparent,  glassy  mass,  soluble  in  water.  At  a  temperature  of  70°  C. 
it  is  coagulated,  i.e,,  changed  into  a  new  substance,  coagulated  proteid, 
which  is  quite  insoluble  in  water.  It  is  coagulated  also  by  the  prolonged 
action  of  alcohol;  by  strong  mineral  acids,  especially  by  nitric  acid,  also 
by  tannic  acid,  or  carbolic  acid;  by  ethers  the  coagulum  is  soluble  in 
caustic  sodn. 

It  is  precipitated  without  coagulation,  i,e,,  forms  an  insoluble  com- 
pound with  the  reagent,  soluble  on  removal  of  the  salt  by  dialysis,  with 
either  mercuric  chloride,  lead  acetate,  copper  sulphate  or  silver  nitrate, 
the  precipitate  in  each  case  being  soluble  in  slight  excess  of  the  reagent. 

With  strong  nitric  acid  the  albumin  is  precipitated  at  the  point  of 
contact  with  the  acid  in  the  form  of  a  fine  white  or  yellow  ring. 

Serif m- Albumin  is  contained  in  blood-serum,  lymph,  serous  and  syn- 
ovial fluids,  and  in  the  tissues  generally;  it  may  be  prepared  from  serum 
after  removal  of  paraglobulin  by  saturation  with  magnesium  sulphate, 
by  a  further  saturation  with  sodium  sulphate.  It  appears  in  the  urine 
in  the  condition  known  as  albuminuria. 

It  gives  similar  reactions  to  egg-albumin,  but  differs  from  it  in  not 
being  coagulated  by  ether.  It  also  differs  from  egg-albumin  in  not  be- 
ing easily  precipitated  by  hydrochloric  acid,  and  in  the  precipitate  being 
easily  soluble  in  excess  of  that  acid.  Serum-albumin,  either  in  the  co- 
agulated or  precipitated  form,  is  more  soluble  in  excess  of  strong  acid 
than  egg-albumin. 

Derived' Albumins. — There  are  three  substances  belonging  to  this 
class,  a,  Acid-Albumin;  b,  Alkali- Albumin ;  and  c,  Caseinogen. 
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Acid"  Album  in, — Acid-album  in  is  made  by  adding  snitill  quantities  of 
dilute  acid  (of  which  the  best  is  hjdrochiorie,  .4  per  cent  to  1  per  cent), 
to  either  egg-  or  Borum-albumin  diluted  with  tive  to  ten  times  its  bulk 
of  water,  and  keeping  the  solution  at  a  temperature  not  higher  than  5C 
C.  for  not  leas  than  half  an  hour.  It  may  also  be  made  by  dissolving 
coagulated  native-albumin  in  strong  acid,  or  by  dissolving  any  of  the 
globulins  in  acids. 

It  is  not  coagulated  on  heating,  but  on  exactly  neutralizing  the  solu- 
tion a  flocculent  precipitate  is  produced.  This  maybe  shown  by  adding 
lo  the  acid-albumin  solution  a  little  aqueous  solution  of  litmus,  and  then 
adding,  drop  by  drop,  a  weak  solution  of  caustic  potash  from  a  burette, 
until  the  red  color  disappears.  The  precipitate  is  the  derived-albumin. 
It  is  soluble  in  dilute  acid,  dilute  alkalies  and  dilute  solutions  of  alka- 
line carbonates.  The  solution  of  acid-albumin  gives  the  proteid  tests. 
The  substance  itself  is  coagulated  by  strong  acids,  t\g,^  nitric  acid,  and 
by  strong  alcohol;  it  is  insoluble  iu  distilled  water,  and  in  neutral  sa- 
line solutions;  it  is  precipitated  from  its  solutions  by  saturation  with 
sodium  chloride.  On  boiling  in  lime-water  it  is  partially  coagulated, 
and  a  further  precipitation  takes  place  on  addition  to  the  boikd  solution 
of  calcium  chloride,  magnesium  sulphate,  or  sodium  cliloride, 

Alkah-AUntmiti.^ll  solutions  of  native-albumin,  or  coagulated  or 
other  proteid,  bo  treated  with  dilute  or  strong  tixed  alkali,  alkali-albu- 
min is  produced.  Solid  alkali-albumin  may  also  be  prepared  by  adding 
csaustic  soda  or  potash,  drop  by  drop,  to  undiluted  egg-albumin,  until 
the  whole  forms  a  jelly.  This  jelly  ia  soluble  in  dilute  alkalies  on  boil- 
ing.  A  solution  of  alkali-albumin  gives  the  tests  corresponding  to  those 
of  acid-albumin.  It  is  not  coagulated  on  heating.  It  is  thrown  down 
on  neutralizing  its  solution,  except  in  the  presence  of  alkaline  phos- 
phates, in  which  case  the  solution  must  be  distinctly  acid  before  a  pre- 
cipitate falls. 

To  di^erentiate  between  Acid-  and  Alkali-Albumin,  the  following 
method  may  be  adopted.  Alkali-albumin  is  nof  precipitated  on  ejcart 
neutralization.  If  sodium  phosphate  has  been  previously  added.  Acid- 
albumin  is  precipitated  on  exact  neutralization,  whether  or  not  sodium 
phosphate  has  been  previously  added, 

Caseinogeth — Caseinogen  is  the  chief  proteid  of  milk,  from  which  it 
may  be  prepared  by  the  following  process:  The  milk  should  be  diluted 
with  three  to  four  times  its  volume  in  water,  euflieient  dilute  acetic  acid 
should  then  be  addecl  to  render  the  solution  distinctly  acid,  and  the 
caseinogen  which  is  thrown  down  may  be  separated  by  filtration.  It  may 
then  be  WJished  with  alcohol  and  afterwsird  with  ether,  to  free  it  from  fat, 

Caseinogen  may  also  be  prepared  by  adding  to  milk  an  excess  of 
crystallized  magnesium  sulphate  or  sodium  chloride,  either  of  which 
salt  aiuses  it  to  separate  out. 
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Caseinogen  gives  much  the  same  tests  as  alkali-albumin.  It  is  solu- 
ble in  dilute  acid  or  alkalies;  it  is  reprecipitated  on  neutralization,  but 
if  potassium  phosphate  be  present  the  solution  must  be  distinctly  acid 
before  the  caseinogen  is  deposited. 

Globulins. — The  globulins  give  the  general  proteid  tests;  are  insol- 
uble in  water;  are  soluble  in  dilute  saline  solutions;  are  soluble  in  acids 
and  alkalies  forming  the  corresponding  derived-albumin. 

Most  of  them  are  precipitated  from  their  solutions  by  saturation 
with  solid  sodium  chloride^  magnesium  sulphate,  or  other  neutral  salt. 
They  are  coagulated,  but  at  different  temperatures,  on  heating. 

Globulin  or  Crystallin, — It  is  obtained  from  the  crystalline  lens  by 
rubbing  it  up  with  powdered  glass,  extracting  with  water  or  with  dilute 
saline  solution,  and  by  passing  through  the  extract  a  stream  of  carbon 
dioxide.  It  differs  from  other  globulins,  except  vitellin,  in  not  being 
precipitated  by  saturation  with  sodium  chloride. 

Myosin. — The  relation  of  myosin  to  living  muscle  will  be  considered 
under  the  head  of  the  physiology  of  muscle.  It  may  however  be  pre- 
pared from  dead  muscle  by  removing  all  fat,  tendon,  etc.,  and  washing 
repeatedly  in  water,  until  the  washing  contains  no  trace  of  proteids, 
mincing  it  and  then  treating  with  10  per  cent  solution  of  sodium  chlo- 
ride, or  similar  solution  of  ammonium  chloride  or  magnesium  sulphate, 
which  will  dissolve  a  large  portion  into  a  viscid  fluid,  which  filters  with 
difficulty.  If  the  viscid  filtrate  be  dropped  little  by  little  into  a  large 
quantity  of  distilled  water,  a  white  flocculcnt  precipitate  of  myosin  will 
occur. 

It  is  soluble  in  10  per  cent  saline  solution;  it  is  coagulated  at  60**  C. 
into  coagulated  proteid;  it  is  soluble  without  change  in  very  dilute  acids; 
it  is  precipitated  by  picric  acid,  the  precipitate  being  redissolved  on  boil- 
ing; it  may  give  a  blue  color  with  ozonic  ether  and  tincture  of  guaiacum. 

Paraglohulin, — Paraglobulin  is  contained  in  plasma  and  in  serum, 
in  serous  and  synovial  fluids,  and  may  be  precipitated  by  saturating 
plasma  after  removal  of  fibrinogen  or  serum  with  solid  sodium  chloride 
or  magnesium  sulphate,  as  a  bulky  flocculent  substance  which  can  be 
removed  by  filtration. 

It  may  also  be  prepared  by  diluting  blood  serum  with  ten  volumes  of 
water,  and  passing  carbonic  acid  gjis  rapidly  through  it.  The  fine  precip- 
itate may  be  collected  on  filter,  and  washed  with  water  containing  car- 
bonic acid  giis. 

It  is  very  soluble  in  dilute  saline  solutions  (5  to  8  per  cent),  from 
which  it  is  precipitated  by  carbonic  acid  givs  or  by  dilute  acids;  its  so- 
lution is  coagulated  at  70°  C;  even  dilute  acids  and  alkalies  convert  it 
into  acid-  or  alkali-albumin. 

Fibrinogen, — Fibrinogen  is  contained  in  blood-plasma,  from  which  it 
may  be  prepared  by  addition  of  sodium  chloride  to  the  extent  of  13  per 
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i.  It  may  also  be  prepared  from  hydrocele  fluid  or  from  other  fiorous 
tnuisudation  by  a  similar  method. 

Its  general  roactionM  are  Bimilar  to  thoaeof  puniglobuHn;  itssoliitiou 
It  coagulated  at  52°-55^  L\  Its  characteristic  property  is  that,  under 
oertaiu  conditions,  it  forms  fibrin. 

Vifellin, —  V^itelliu  is  prepared  from  yolk  of  egg  by  wjisliing  with 
ether  until  all  the  yellow  nuttier  has  been  removed.  The  residue  is 
dissolved  in  10  per  cent  saUine  solution,  filtered,  and  poured  into  a  largo 
quantity  of  distilled  water.  The  precipitate  which  falls  is  impure  vitel- 
lin.  It  gives  the  same  tests  as  myosin,  but  is  not  precipitated  un  satu- 
mtion  with  sodium  chloride;  it  coagulates  between  70°  and  83^  G. 

(tlofAn, — Is  I  he  pruteid  residue  of  haBmoglobin. 

Proteoses  are  intermediate  substances  of  the  digestion  of  other 
proteids^  the  ultimate  product  of  which  is  peptone. 

Peptones.^ — Peptone  is  formed  by  the  action  of  the  digestive  fer- 
mentS;  pepsin^  or  trifpmn^  on  other  proteids,  and  on  gelatin.  They  wil 
be  considered  in  connection  with  the  physiology  of  digestion,  as  will  also 
the  intermediate  compounds. 

Fibrin. — Fibrin  can  be  obtained  as  a  soft,  white,  fibrous,  and  very 
elastic  substance  by  whipping  blood  with  a  bundle  of  twigs,  and  washing 
the  adhering  mass  in  a  stream  of  water  until  all  the  blood-coloring  mat- 
ter is  removed, 

Coa^lated  proteids  are  formed  by  the  action  of  heat  or  of  fer- 
ments upon  other  proteids;  the  temperature  necessary  to  produce  coag- 
ulation varying  in  the  manner  previously  indicated.  They  may  also  be 
produced  by  the  prolonged  action  of  alcohol  upon  proteids.  They  are 
soluble  in  strong  acids  or  alkalies;  slightly  so  in  dilute;  are  soluble  in 
digestive  fluids  (gastric  and  pancreatic).  Are  insoluble  in  saline  solu- 
tions* 

Lardacein  is  found  in  organs  which  are  the  seat  of  amyloid  degen- 
eration. It  is  insoluble  in  dilute  acids  and  very  slightly  in  gastric  juice 
at  the  temperature  of  the  body.  It  is  colored  brown  by  iodine  and  bla- 
ish-pink  by  methyl  violet.  LardaceiEi  is  now  often  classed  under  the 
head  of  gelatins. 


TlkB  Gelatins  or  Niirogtno^ift  Bodies  niker  than  Proteids, — These  are 
nitrogenous  organic  bodies,  the  composition  of  which  does  not  include 
them  in  the  proteid  class  of  substances. 

GelatiD.^ — Gelatin  is  contained  in  the  formof  eo///rj7#i7,  itsanhydride^ 
in  bone  (ossein),  teeth,  fibrous  connective  tissues,  tendons,  ligaments^ 
etc-  It  may  be  obtained  by  prolonged  action  of  boiling  water  in  a 
Papin's  digester  or  of  dilute  acetic  acid  at  a  low  temperature  (15"  C). 

Properties, — The  percentage  composition  is  O,  23.21,  H,  7.15,  N, 
18,3^^  ^f  50.76,  S,  0.56.     It  contains  more  nitrogen  and  less  carbon  than 


1^. 


110  HANDBOOK   OF  PHYSIOLOGY. 

proteids.  By  Bome  it  is  said  to  contain  no  sulphur.  It  is  amorphous, 
and  transparent  when  dried.  It  does  not  dialyse;  it  is  insoluble  in  cold 
water^  but  swells  up  to  about  six  times  its  volume:  it  dissolves  readily 
on  the  addition  of  very  dilute  acids  or  alkalies.  It  is  soluble  in  hot 
water,  and  forms  a  jelly  on  cooling,  even  when  only  1  per  cent  of  gelatin 
is  present.  Prolonged  boiling  in  dilute  acids,  or  in  water  alone,  destroys 
this  power  of  forming  a  jelly  on  cooling. 

A  fairly  strong  solution  of  gelatin — 2  per  cent  to  4  per  cent — gives 
the  following  reactions: 

(a)  With  proteid  tests:  (i.)  Xayithoproteic  test. — A  yellow  color  but 

no  previous  precipitate  with  nitric  acid,  becoming  darker  on  the 
addition  of  ammonia,  (ii.)  Biuret  test. — A  blue  color,  (iii.) 
Millon's  test. — A  pink  precipitate,  (iv.)  Potassium  ferrocy- 
anide  and  acetic  avid. — No  reaction,  (v.)  Boiling  with  sodium 
sulphate  and  acetic  acid.     No  reaction. 

(b)  Special  reactions:  (i.)  No  precipitate  with  acetic  acid.     (iL)  No 

precipitate  with  hydrochloric  acid,    (iii.)  A  white  precipitate 
with  tannic  acid,  not  soluble  in  excess  or  in  dilute  acetic  acid, 
(iv.)  A  white  precipitate  with  mercuric  chloride,  unaltered  by 
excess  of  the  reagent,     (v.)  A  white  precipitate  with  alcohol 
(vi.)  A  yellowish-white  precipitate  with  picric  acid,  dissolved 
on  heating  and  reappearing  on  cooling. 
Mucin. — Mucin  is  supposed  to  be  a  compound  of  a  proteid,  proba- 
bly a  globulin,  with  animal  gum,  and  is  the  characteristic  component  of 
mucus;  it  is  contained  also  in  foetal  connective  tissue,  in  tendons,  and 
salivary  glands.    It  can  be  obtained  from  mucus  by  diluting  it  with 
water,  filtering,  treating  the  insoluble  portion  with  weak  caustic  alkali, 
and  reprecipitating  with  acetic  acid.    The  mucins  derived  from  differ- 
ent sources  probably  have  different  compositions. 

Properties, — Mucin  has  a  ropy  consistency.  It  is  precipitated  by 
alcohol  and  by  mineral  acids,  but  dissolved  by  excess  of  the  latter.  It  is 
dissolved  by  alkalies  and  in  lime  water.  It  gives  the  proteid  reaction 
with  Millon's  reagent  and  with  nitric  acid.  Neither  mercuric  chloride 
nor  tannic  acid  gives  a  precipitate  with  it  (?).     It  does  not  dialyse. 

Elastin  is  found  in  elastic  tissue,  in  the  ligamenta  subflava,  liga- 
mentum  nuchae,  etc.  It  is  insoluble,  but  swells  up  both  in  cold  and  hot 
water.  Is  soluble  in  strong  caustic  soda.  It  is  precipitated  by  tannic 
acid;  does  not  gelatinize.  Gives  the  proteid  reactions  with  strong  nitric 
acid  and  ammonia,  and  imperfectly  with  Millon's  reagent.  Yields  leucin 
on  boiling  with  strong  8ul])huric  acid. 

Chondrin  is  found  in  the  condition  of  chondrigen  in  cartilage. 
It  is  a  mixture  of  gelatin  with  a  mucin-like  substance,  and  is  obtained 
from  chondrigen  by  boiling. 

Properties. — It  is  soluble  in  hot  water,  and  in  solutions  of  neutral 
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Ht,  «.^.,  sulphate  of  sodUmi,  iu  dilute  mineral  ncidB,  caustir  potash,  and 
sodft,  Insolable  in  cold  water,  alcohol,  and  ether.  It  is  precipitated 
from  its  solutiong  by  dilute  mineral  acids  (excess  redissolves  it),  by 
alum,  by  lead  acetate,  by  silver  nitrate,  and  by  chlorine  water.  On  boil- 
ing with  strong  hydrucbloric  acid,  it  yields  grape-sugar  and  certain  ni- 
trogenoQS  substances*  Prolonged  boiling  in  dilute  acids,  or  in  water, 
destroys  its  power  of  forming  a  jelly  on  cooling. 

Keratin  is  obtained  from  hair,  nails^  and  dried  skin.  It  contains 
sulphur  evidently  only  loosely  combined, 

Nuclein.^ — Found  in  the  nuclei  of  cells,  also  in  milk,  and  yolk  of 
egg.  It  resembles  mucin  in  its  tests,  but  differs  from  it  iu  comjyosition 
as  it  contains  phoaphonis  in  its  molecule.  Some  of  the  bodies  which 
have  been  chilled  mucin,  are  really  compounds  of  nuelein  and  a  proteid, 
generally  a  globulin.     8uch  is  the  mucinoid  substance  in  bile. 

Non-iiifrogenous  onjanir  fmlies  consist  of 

(a)  Oils  and  Fats,  which  are  for  the  most  part  mixtures  of  palmi' 
iin,  CsiH^oOt*  siearin  CsTHuoOrt,  and  oMu  Qt-illxuO^,  in  different  pro- 
portions. They  are  formed  by  the  union  of  fatty  acid  radicals  with 
the  triatomic  alcohol,  fih^rvrin  Q^Hi,{0\l)i^  and  are  etherial  salts  of  that 
alcohol.  The  radicals  are  Cie^H-jsO,  CirtllsiO,  and  CiKHanO,  respectively. 
Human  fat  consifit;?  of  a  mixture  of  pabniHn,  Hfmrln^iuiHi  okittyot  which 
the  two  former  contribute  three-quarters  of  the  whole.  Olein  is  the 
only  liquid  constituent. 

Fats  are  insoluble  in  water  and  in  cold  alcohol;  soluble  in  hot  alco- 
hol, ether,  and  chloroform.  Colorless  and  tasteless;  easily  decomposed 
or  saponified  by  alkalies  or  super-heated  steam  into  glycerin  and  the  fatty 
acids. 

And  (b)  Carbohydrates,  which  are  bodies  composed  of  siicor  twelve 
atoms  of  carbon  with  hydrogen  and  oxygen,  the  two  latter  elements  be- 
ing in  the  proportion  to  form  water.  There  are  three  main  classes  of 
carbohydrates. 

Amf/Iose^^f  CeHioOs,  comprising  Starch,  Dextrin,  Glycogen,  etc,  Sae- 
charosfiM,  Oi^H^^Onj  Saccharose,  or  Cane  sugar,  Lactose*  Maltose,  etc. 
OlucoseSf  CsFfnOe,  Dextrose  or  Grape  sugar,  Lsevulose  or  Fruit-sugar, 
Inosite,  etc. 

Of  these  the  most  important  are: 

Starch  (CeHtoOa),  which  is  contained  in  nearly  ftJI  phufs^  and  in 
many  seerh,  roo/tt,  sfem.^,  and  i<ome  fn:iifi.  It  is  a  soft  white  pow*der 
composed  of  grannies  having  an  organized  structure,  consisting  of //n///- 
nioftfi  (soluble  in  w^-iter)  contained  in  a  coat  of  velJuhtsf  (insohible  in 
water);  the  shape  and  size  of  the  granules  var\^ing  according  to  the 
source  whence  the  starch  has  been  obtained.  It  is  insoluble  in  cold 
water,  in  alcohol,  and  in  ether;  it  is  solo  hie  after  boiling  for  some  time, 
and  may  be  filtered,  iu  consequence  of  the  swelling  up  of  the  granulose, 
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which  hursts  the  cellulose  coat,  and  hecoming  free^  is  entirely  dissolved 
in  water.  This  solution  is  a  solution  of  soluhle  starch  or  amydin.  It 
gives  a  hlue  coloration  with  iodine,  which  disappears  on  heating  and 
returns  on  cooling.  It  is  converted  into  dextrine  and  grape-sugar  by 
diastase  or  by  boiling  with  dilute  acids. 

Glycogen,  which  is  contained  in  the  liver,  is  also  present  to  a  con- 
siderable extent  in  the  muscles  of  very  young  animals,  in  the  placenta, 
in  colorless  corpuscles,  and  in  embryonic  tissues.  It  is  freely  soluble  in 
water,  and  its  solution  looks  opalescent;  it  gives  a  port-wine  coloration 
with  iodine,  which  disappears  on  heating  and  returns  on  cooling.  It  is 
precipitated  by  basic  lead  acetate  and  insoluble  in  absolute  alcohol  and 
in  ether.  It  exists  in  the  liver  during  life,  but  very  soon  after  death  is 
changed  into  sugar.  It  is  converted  into  sugar  by  diastase  ferments,  or 
by  boiling  with  dilute  acids. 

Dextrin. — This  substance  is  made  in  commerce  by  heating  dry  po- 
tato-starch to  a  temperature  of  400°.  It  is  also  produced  in  the  process 
of  the  conversion  of  starch  into  sugar  by  diastase,  and  by  the  salivary 
and  pancreatic  ferments.  A  yellowish  amorphous  powder,  soluble  in 
water,  but  insoluble  in  absolute  alcohol  and  in  ether.  It  corresponds 
almost  exactly  in  tests  with  glycogen;  but  one  variety  (achroo-dextrine) 
does  not  give  the  port-wine  coloration  with  iodine. 

Cane  Sugar  or  Saccharose,  is  contained  in  the  juices  of  many 
plants  and  fruits,  and  is  as  a  rule  extracted  from  the  sugar  cane,  from 
beetroot,  or  from  the  maple.  It  is  crystalline  and  is  precipitated  from 
concentrated  solutions  by  absolute  alcohol.  It  has  no  power  of  reduc- 
ing copper  salts  on  boiling.  It  is  dextro-rotatory  (see  Appendix).  It 
is  not  subject  to  alcoholic  fermentation,  until  by  inversion  it  is  converted 
into  glucose,  it  chars  on  addition  of  sulphuric  acid,  and  on  heating  with 
potassium  or  sodium  hydrate. 

Lactose  is  contained  in  milk.  It  is  less  soluble  in  water  than  glu- 
cose; not  sweet,  and  is  gritty  to  the  taste;  but  it  is  insoluble  in  absolute 
alcohol.  Undergoes  alcoholic  fermentation  with  extreme  difficulty;  gives 
the  tests  similar  to  glucose,  but  less  readily.    It  is  dextro-rotatory  +59^ 

Maltose  is  formed  in  the  conversion  of  starch  into  glucose  by  the 
saliva  and  pancreatic  fluids.  It  is  also  formed  by  the  action  of  malt* 
upon  starch  by  the  ferment  diastase,  and  in  the  formation  of  glucose 
from  starch.  It  is  converted  into  dextrine  by  dilute  sulphuric  acid. 
It  is  dextro-rotatory;  ferments  with  yeast;  reduces  copper  salts,  and 
crystallizes  in  fine  needles. 

Glucose  occurs  widely  diffused  in  the  vegetable  kingdom,  in  diabetic 
urine,  in  the  blood,  etc. ;  it  is  usually  obtained  from  grape- juice,  honey, 
beet-root  or  carrots.  It  really  is  a  mixture  of  two  isomeric  bodies,  Dex- 
trose  or  grape-sugar,  which  turns  a  ray  of  polarized  light  to  the  right 
(+66°),  and  Lmvulose  or  fruit-sugar,  which  turns  the  ray  to  the  left. 
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It  is  easily  soluble  in  water  and  itx  alcohol;  not  so  aweet  as  cane- 
MgHr;  the  relation  of  its  sweetness  to  that  of  cane-sugar  is  as  3  to  5. 
It  18  not  so  eiisily  eharreil  by  strong  sulphuric  acid  as  cune-siigar.  It  is 
not  entirely  solul»le  in  alcohol.  It  undergoes  alcoholic  fermentation 
with  yeast. 

Dextrose  has  the  power  of  reducing  the  salts  of  silver,  bismnth^ 
mercury,  and  copper^  either  to  the  form  of  the  metal  as  in  the  first  three 
Cjisesy  or  to  the  form  of  the  aub-oxide  in  the  case  with  cuprous  salts. 
Upon  this  property  the  chief  tests  for  the  eugur,  €J},y  Trommer's  and 
Bott^jiher's,  depend  (see  Appendix).  When  boiled  with  potash,  glucic 
and  molanic  acids  are  formed,  and  a  yellowish  fluid  results  (Moore*s 
test).  It  is  oxidized  by  the  action  of  nitric  acid  to  sacchiiric  acid.  It 
forms  compounds  with  acids  and  with  potash  and  limo.  It  undergoes 
alcoholic  fermentation  with  yeast,  and  lactic  acid  fermentation  with 
bacterina  lactis.  It  forms  caramel  when  strongly  heated,  and  is  also 
eharr'^^'d  with  strong  acids.  For  the  method  of  rjiiantitative  estimation, 
etc.,  see  Appendix. 

L^vulose  is  one  of  the  products  of  the  decomposition  of  cane-sugar 
by  means  of  dilute  mineral  acids,  or  by  means  of  the  ferment  atuverten 
in  the  alimentiiry  canal* 

It  reacts  to  the  same  test  as  glucose,  but  is  non-crystallizable,  and 
U  lajvo-rotatory  — 10(50.  It  is  soluble  in  water  and  in  alcohol.  Its  com- 
pound with  lime  is  solid,  whereas  iliat  wiih  dextrose  is  not. 

Galactose  is  formed  from  lactose  by  the  action  of  dilute  mineral 
licids,  or  inverting  ferment!?.  It  undergoes  alcoholic  fermentation,  and 
retluces  copper  shUs  to  the  suboxide. 

Inosite. — Inosite  is  a  non-fermeu table  variety  of  glucose  occurring 
in  the  heart  and  voluntary  muscles,  as  well  as  in  beans  and  other  plants. 
It  crystallizes  in  the  form  of  large  colorless  monoclinic  tables,  which  are 
soluble  in  water,  but  insoluble  in  alcohol  or  ether.  Inosite  may  be  de- 
tected by  evaporating  the  solution  containing  it  nearly  to  dryness,  and 
by  then  adding  a  small  drop  of  solution  of  menniric  nitrate^  and  after- 
ward evaporating  carefully  to  drym?ss,  a  yeJlowitsh-white  residue  is  ob- 
tained ;  on  further  cautiously  heating,  the  yellow  changes  to  a  deep  rose- 
color,  which  disappears  on  cooling,  but  reappears  on  heating.  If  the 
inosite  be  almost  pure,  its  solution  may  be  evaporated  nearly  to  dryness. 
After  the  addition  of  nitric  sicid,  the  residue  mixed  with  a  Htlle  ammonia 
and  calciunj  chloride,  and  again  evaporated,  yields  a  rose-red  coloration. 

Certain  of  the  monatomic  Fatty  Acids  are  found  in  the  body,  vik., 
/f/rmiV  CMiO'i,  acetic  C,dI,Oi,  and  prnpiunk'  CJIflO^,  present  in  sweat, 
but  normally  in  no  other  human  secretion.  They  have  been  found  else- 
where in  diseased  conditions,  Huttfric  arid,  C JI802,  is  found  in  sweat. 
Various  others  of  these  acids  have  been  obtained  from  blood,  muscular 
juice,  f^ces  and  urine. 
8 
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Of  the  diatomic  fatty  acids,  one  acid,  Lactic  acid,  CsH^Os  exists  in 
a  free  state  in  mnscle  plasma,  and  is  increased  in  quantity  by  musciilar 
contraction,  is  never  contained  in  healthy  blood,  and  when  present  in 
abnormal  amount  seems  to  produce  rheumatism. 

Of  the  aromatic  series,  Benzoic  acid,  Ca  HeOa,  is  always  found  in 
the  urine  of  herbivora,  and  can  be  obtained  from  stale  human  urine. 
It  does  not  exist  free  elsewhere. 

Phenol. — Phenyl  alcohol  or  carbolic  acid  exists  in  minute  quantity 
in  human  urine.     It  is  an  alcohol  of  the  aromatic  series. 


Inorganic  Principles. 

The  inorganic  proximate  principles  of  the  human  body  are  numer- 
ous. They  are  derived,  for  the  most  part,  directly  from  food  and  drink, 
and  pass  through  the  system  unaltered.  Some  are,  however,  decom- 
posed on  their  way,  as  chloride  of  sodium,  of  which  only  four-fifths  of 
the  quantity  ingested  are  excreted  in  the  same  form;  and  some  are 
newly  formed  within  the  body, — as,  for  example,  a  part  of  the  sulphates 
and  carbonates,  and  some  of  the  water. 

Much  of  the  inorganic  saline  matter  found  in  the  body  is  a  neces- 
sary constituent  of  its  structure, — as  necessary  in  its  way  as  albumin 
or  any  other  organic  principle;  another  part  is  important  in  regulat- 
ing or  modifying  various  physical  processes,  as  absorption,  solution,  and 
the  like;  while  a  part  must  be  reckoned  only  as  matter,  which  is,  so  to 
speak,  accidentally  present,  whether  derived  from  the  food  or  the  tis- 
sues, and  which  will,  at  the  first  opportunity,  be  excreted  from  the  body. 

Gases, — The  gaseous  matters  found  in  the  body  are  Oxygen,  Hydro- 
gen.  Nitrogen,  Carburetted  and  Sulphuretted  hydrogen,  and  Carbonic 
acid.  The  first  three  have  been  referred  to.  Carburetted  and  sulphu- 
retted hydrogen  are  found  in  the  intestinal  canal.  Carbonic  acid  is  pres- 
ent in  the  blood  and  other  fluids,  and  is  excreted  in  large  quantities  by 
the  lungs,  and  in  very  minute  amount  by  the  skin.  It  will  be  specially 
considered  in  the  chapter  on  Respiration. 

Water,  the  most  abundant  of  the  proximate  principles,  forms  a  large 
proportion, — more  than  two-thirds  of  the  weight  of  the  whole  body. 
Its  relative  amount  in  some  of  the  principal  solids  and  fluids  of  the  body 
is  shown  in  the  following  table  (from  Robin  and  VerdeiPs) : — 


QUANTTTY  OF  WATER  IN   1000  PARTS. 


Teeth 100 

Bones 130 

Cartilage 550 

Muscles 750 

Ligament 768 

Brain 789 

Blood 795 

Synovia 805 


Bile 
Milk  . 

Pancreatic  juice 
Urine 
Lymph 

Gastric  juice    . 
Perspiration 
Saliva 


880 
887 
900 
986 
960 
975 
986 
995 
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The  importance  of  water  as  a  constituent  of  the  animal  body  may  be 
aaeumed  from  the  preceding  table,  and  is  shown  in  a  still  more  striking 
manner  by  its  withdrawal.  If  any  tissue,  as  muscle,  cartilage,  or  ten- 
don, be  subjected  to  heat  sufficient  to  drive  off  the  greater  part  of  its 
water,  all  its  characteristic  physical  properties  are  destroyed;  and  what 
was  previously  soft,  elastic,  and  flexible,  becomes  hard  and  brittle,  and 
homy,  so  as  to  be  searcely  recognizable. 

In  all  the  fluids  of  the  body — blood,  lymph,  etc.,— ^water  acts  the  part 
of  a  general  solvent,  and  by  its  means  alone  cireiilsttion  of  nutrient  mat- 
ter is  possible.  It  is  the  medium  also  in  wliich  all  thiid  and  solid  ali- 
ments are  dissolved  before  absorption,  as  well  as  the  means  by  which  all, 
except  gaseous,  excretory  products  are  removed.  All  the  various  pro- 
oeeses  of  secretion,  transudation,  and  nutrition,  depend  of  necessity  on 
its  presence  for  their  perforumnee. 

The  greater  part,  by  far,  of  the  water  present  in  the  body  is  taken 
int45  it  &A  such  from  without,  in  the  food  and  drink.  A  snudl  amount, 
however,  is  the  result  of  the  chemical  union  of  hydrogen  with  Oxygon  in 
the  blood  and  tissue.  The  total  amount  tukeu  into  the  body  every  day 
18  about  4^  lbs.;  while  an  uncertain  quantity  (perhaps  A  to  f  lb.)  is 
formed  by  chemical  action  within  it.^ — (Dal ton). 

The  loss  of  water  from  the  body  is  intimately  connected  with  excre- 
tion from  the  lungs,  skin,  and  kidneys,  and,  to  a  loss  extent,  from  the 
alimentary  canal.  The  loss  from  these  viirious  organs  may  be  thus  ap- 
portioned (quoted  by  Dalton  from  various  observers). 


From  the  AUmeulAry  caual  (fieces) 
**         Limp*      .... 
8k in  (perspiration) 


Kidneys  {urine)   .         »  .         .         .         .         .    .     46 

too 


4  pat  cent 
20 
30 


H  Sodium  and  Potassium  Cldorides  are  present  in  nearly  all  parts  of 

H       the  body.     The  former  seems  to  ba  especially  necessary,  judpfing  from 

\  tlie  instinctive  craving  for  it  on  the  part  of  animals  in  wliose  food  it  is 

deficient,  and  from   the  diseased  condition  which  is  consequent  on  its 

H       withdrawal.     In  the  blood,  the  quantity  of  sodium  chloride  is  greater 

"        than  that  of  all  its  other  saline  ingredients  taken  together.     In   the 

muscles,  on  the  other  hand,  the  quantity  of  sodium  chloride  is  less  than 

that  of  the  chloride  of  potassium. 

Cakium  Finoriflr,  in  minute  amount,  is  present  in  the  bones  and 
teeth,  and  traces  have  been  found  in  the  blood  and  some  other  fluids. 

Cideium^  Potassium,  Sodinm,  and  MafpieHt'nm  PhoHphatt's  are  found 
in  nearly  every  tissue  and  fluid.  In  some  tissues— the  bones  and  teeth 
— the  phosphate  of  calcium  exists  in  very  large  amount  and  is  the  prin- 
cipal source  of  that  hardness  of  texture  on  which  the  proper  perform- 
ance of  their  functions  so  much  depends.     The  idiosphate  of  calcium  is 
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intimately  incorporated  with  the  organic  basis  or  matrix^  but  it  can  be 
removed  by  acids  without  destroying  the  general  shape  of  the  bone; 
and,  after  the  removal  of  its  inorganic  salts,  a  bone  is  left  soft,  tough, 
and  flexible. 

Potassium  and  sodium  phosphates  with  the  carbonates,  maintain  the 
alkalinity  of  the  blood. 

Calcium  Carbonate  occurs  in  bones  and  teeth,  but  in  much  smaller 
quantity  than  the  phosphate.  It  is  found  also  in  some  other  parts. 
The  small  concretions  of  the  internal  ear  (otoliths)  are  composed  of 
crystalline  calcium  carbonate,  and  form  the  only  example  of  inorganic 
crystalline  matter  existing  as  such  in  the  body. 

Potassium  and  Sodium  Carbonates  are  found  in  the  blood,  and  some 
other  fluids  and  tissues. 

Potassium,  Sodium,  and  Calcium  Sulphates  are  met  with  in  small 
amount  in  most  of  the  solids  and  fluids. 

Silicon. — A  very  minute  quantity  of  silica  exists  in  the  urine,  and  in 
the  blood.  Traces  of  it  have  been  found  also  in  bones,  hair,  and  some 
other  parts. 

Iro7i. — The  especial  place  of  iron  is  in  hsBmoglobin,  the  coloring- 
matter  of  the  blood,  of  which  a  full  account  has  been  given  with  the 
chemistry  of  the  blood.  Peroxide  of  iron  is  found,  in  very  small  quan- 
tities, in  the  ashes  of  bones,  muscles,  and  many  tissues,  and  in  lymph  and 
chyle,  albumin  of  serum,  fibrin,  bile,  milk  and  other  fluids;  and  a  salt, 
of  iron,  probably  a  phosphate,  exists  in  the  hair,  black  pigment,  and 
other  deeply  colored  epithelial  or  homy  substances. 

Aluminium,  Manganese,  Copper,  and  Lead. — It  seems  most  likely 
that  in  the  human  body,  copper,  manganesium,  aluminium,  and  lead  are 
merely  accidental  elements,  which,  being  taken  in  minute  quantities 
with  the  food,  and  not  excreted  at  once  with  the  faeces,  are  absorbed  and 
deposited  in  some  tissue  or  organ,  of  which,  however,  they  form  no  nec- 
essary part.  In  the  same  manner,  arsenic,  being  absorbed,  may  be  de-« 
posited  in  the  liver  and  other  parts. 


CHAPTER  V. 


THE   BLOOD 


Thk  blooJ  is  the  fluid  raediiim  by  means  of  which  ul]  the  tissues  i 
the  hody  are  directly  or  indirectly  nourished;  by  means  of  it  also  such 
of  the  materials  which  result  from  the  metabolism  of  the  tissues  as  are 
of  no  further  use  in  the  economy,  are  ciirrifd  to  the  excretory  organs  to 
be  removed  from  the  body,  It  is  a  somewhat  viscid  fluid,  and  in  man 
and  in  all  other  vertebrate  animals  with  the  exception  of  two,*  is  red 
in  color.  The  exact  shade  of  red  is  variable;  that  taken  from  the 
arteries,  from  the  left  side  of  the  heart  and  from  the  pulmonary  veins 
is  of  a  bright  scarlet  line,  that  obtained  from  the  systemic  veins,  from 
the  right  side  of  the  heart,  and  from  the  j)ulmonary  artery,  is  of  a  much 
darker  color,  and  varies  from  bluish-red  to  reddish-black.  At  first 
I  Bight*  the  red  color  appears  to  belong  to  the  whole  umss  of  blood,  but 
on  further  examination  this  is  found  not  to  be  the  case.  In  reality  blood 
consists  of  an  almost  colorless  Huid,  called  plasma  or  liquor  sanguinis, 
in  which  are  suspended  numerous  minute  rounded  masses  of  proto- 
plasm, called  blood  corpuscles,  which  are,  for  the  most  part,  colored, 
and  it  is  to  their  presence  in  the  fluid  that  the  red  color  of  the  blood  is 
due. 

Even  when  examined  in  very  thin  layers,  blood  is  opaque j  on  account 
of  the  different  refractive  powers  possessed  by  its  two  constituents,  vijs., 
the  phisma  and  the  corpuscles.  On  treatment  with  chloroform  and 
other  reagents,  bow^ever,  it  becomes  transparent  and  assumes  a  hike 
color,  in  consequence  of  the  coloring  matter  of  the  corpuscles  having 
been  discharged  into  the  plasma.  The  average  specific  f/ravt It/  of  blood 
at  15'  C.  (ijO^  F,)  varies  from  1055  to  I0i}2.  A  rapid  and  useful  method 
of  estimating  tlie  specific  gravity  of  blood  has  been  employed  by  Lbiyd 
Jones,  Drops  of  blood  are  taken  and  allowed  to  fall  into  fluids  of 
known  specific  gravity.  When  the  drop  neither  rises  nor  sinks  in  the 
fluid,  it  is  taken  to  be  of  the  same  specific  gravity  as  thnt  of  the  stand- 
ard fluid.  The  rem t ion  of  blood  is  faintly  alkaline  and  the  iaiftc  saltish. 
Its  femperafitre  varies  slightly,  the  average  being  37.8*"  C.  (100°  F,). 
The  blood  stream  is  warmed  by  passing  tliroogh  the  muscles,  nerve  cen- 
tres, and  glands,  but  is  somewhat  cooled  on  traversing  the  capillaries  of 
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the  skin.  Recently  drawn  blood  has  a  distinct  odor,  which  in  many 
cases  is  characteristic  of  the  animal  from  which  it  has  been  taken.  It 
may  be  further  developed  also  by  adding  to  blood  a  mixture  of  equal 
parts  of  sulphuric  acid  and  water. 

Quantity  of  the  Blood. — The  quantity  of  blood  in  any  animal 
under  normal  conditions  bears  a  fairly  constant  relation  to  the  body- 
weight.  The  methods  employed  for  estimating  it  are  not  so  simple  as 
might  at  first  sight  have  been  thought  For  example,  it  would  not  be 
possible  to  get  any  accurate  information  on  the  point  from  the  amount 
obtained  by  rapidly  bleeding  an  animal  to  death,  for  then  an  indefinite 
quantity  would  remain  in  the  vessels,  as  well  as  in  the  tissues;  nor,  on 
the  other  hand,  would  it  be  possible  to  obtain  a  correct  estimate  by  less 
rapid  bleeding,  as,  since  life  would  be  more  prolonged,  time  would  be 
allowed  for  the  passage  into  the  blood  of  lymph  from  the  lymphatic 
vessels  and  from  the  tissues.  In  the  former  case,  therefore,  we  should 
under-estimate,  and  in  the  latter  over-estimate  the  total  amount  of  the 
blood. 

Of  the  several  methods  which  have  been  employed,  the  most  accurate 
appears  to  be  the  following.  A  small  quantity  of  blood  is  taken  from 
an  animal  by  venesection;  it  is  defibrinated  .and  measi;ired,  and  used  to 
make  standard  solutions  of  blood.  The  animal  is  then  rapidly  bled  to 
death,  and  the  blood  which  escapes  is  collected.  The  blood-vessels  are 
next  washed  out  with  saline  solution  until  the  washings  are  no  longer 
colored,  and  these  are  added  to  the  previously  withdrawn  blood ;  lastly 
the  whole  animal  is  finely  minced  with  saline  solution.  The  fluid  ob- 
tained from  the  mincings  is  carefully  filtered,  and  added  to  the  diluted 
blood  previously  obtained,  and  the  whole  is  measured.  The  next  step 
in  the  process  is  the  comparison  of  the  color  of  the  diluted  blood  with 
that  of  standard  solutions  of  blood  and  water  of  a  known  strength,  until 
it  is  discovered  to  what  standard  solution  the  diluted  blood  corresponds. 
As  the  amount  of  blood  in  the  corresponding  standard  solution  is  known, 
as  well  as  the  total  quantity  of  diluted  blood  obtained  from  the  animal, 
it  is  easy  to  calculate  the  absolute  amount  of  blood  which  the  latter  con- 
tained, and  to  this  is  added  the  small  amount  which  was  withdrawn  to 
make  the  standard  solutions.  This  gives  the  total  amount  of  blood 
which  the  animal  contained.  It  is  contrasted  with  the  weight  of  the 
animal,  previously  known. 

The  result  of  many  experiments  shows  that  the  quantity  of  blood  in 
various  animals  averages  ^^  to  ^^  of  the  total  body- weight. 

An  estimate  of  the  quantity  in  man  which  corresponded  nearly  with 
this  proportion,  has  been  more  than  once  made  from  the  following  data* 
A  criminal  was  weighed  before  and  after  decapitation;  the  difference  in 
the  weight  representing  the  quantity  of  blood  which  escaped.  The 
blood-vessels  of  the  head  and  trunk  were  then  washed  out  by  the  injec- 
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ikou  of  water,  until  the  iluid  whicli  escaped  had  only  a  pale  red  or  atmw 

^lor.     This  fluid  was  then  also  weighed;   and  the  amount  of  blood 

fwhich  it  represented  was  calculated  by  comparing  the  proportion  of 

lioUd  matter  conuiined  in  it  with  that  of  the  first  blood  whioii  escjiped 

cm  decapitation.     Two  experiments  of  this  kind  gave  precisely  Biniihir 

reftolts,     (Weber  and  Lchmann. ) 

It  ehonld  be  remembered,  in  connection  with  these  estimations,  that 
the  quantity  of  the  blood  muet  vary  very  considerably,  even  in  the  same 
limul,  with  the  amount  of  both  the  ingesta  and  egeeta  of  the  period 
imediately  preceding  the  experiment;  it  has  been  founil,  for  example, 
that  the  quantity  of  blood  obtainable  from  the  body  of  a  fasting  animal 
rarely  exceeds  a  half  of  that  whicli  Ib  present  soon  after  a  full  meuL 

Coagulation  of  the  Blood. 

One  of  the  most  characteristic  properties  which  the  blood  possesses 
is  that  of  chttimj  or  eoagulniing.  This  phenomenon  may  he  observed 
under  the  most  favorable  conditions  in  blood  which  has  been  drawn 
into  an  open  vessel.     In  about  two  or  three  minutes,  at  the  ordinary 


Hf .  117.— Bedculmn  of  flbrta,  from  a  drop  of  hmnati  blood,  after  tr«atmeiit  with  ro«anlUn. 

(KAnvier.} 

Bmperature  of  the  air,  the  surface  of  the  fluid  is  seen  to  become  86mi«« 
PiKilid  OTJeUtf-lih,  and  this  change  takes  place,  in  a  minute  or  two  aftcF*' 
ward  at  the  sides  of  the  vessel  in  which  it  iscontainedj  and  then  extends 
throughout  the  entire  mass.  The  time  which  is  occupied  in  these 
changes  is  about  eight  or  nine  minutes.  The  solid  mass  is  of  exactly 
the  same  volume  as  the  previously  lifjuid  blood,  and  adheres  so  closely 
to  the  sides  of  the  contain ing  vessel  that  if  the  latter  be  inverted  none 
of  its  contents  escape.  The  solid  mass  is  the  crffMHamefiium  or  rhi.  If 
the  clot  be  watched  for  a  few  minutes,  drops  of  a  light,  straw-colored 
fluid,  the  serum,  may  be  seen  to  make  their  appeanuice  on  the  surface, 
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and,  as  they  become  more  and  more  numerous,  to  run  together,  form- 
ing a  complete  superficial  stratum  above  the  solid  clot.  At  the  same 
time  the  fluid  begins  to  transude  at  the  sides  and  at  the  uuder-surfaee 
of  the  clot,  which  in  the  course  of  an  hour  or  two  floats  in  the  liquid. 
The  first  drops  of  serum  appear  on  the  surface  about  eleven  or  twelve 
minutes  after  the  blood  has  been  drawn;  and  the  fluid  continues  to 
transude  for  from  thirty-six  to  forty-eight  hours. 

The  clotting  of  blood  is  due  to  the  development  in  it  of  a  substance 
CBlled  fibruiy  which  appears  as  a  mesh  work  (fig.  117)  of  fine  fibrils.  This 
meshwork  entangles  and  incloses  within  itself  the  blood  corpuscles. 
The  first  clot  formed,  therefore,  includes  the  whole  of  the  constituents 
of  the  blood  in  an  apparently  solid  mass,  but  soon  the  fibrinous  mesh- 
work begins  to  contract  and  the  serum  which  does  not  belong  to  the 
clot  is  squeezed  out.  When  the  whole  of  the  serum  has  transuded  the 
clot  is  found  to  be  smaller,  but  firmer  and  harder,  as  it  is  now  made  up 
of  fibrin  and  blood  corpuscles  only.  Thus  coagulation  rearranges  the 
constituents  of  the  blood;  liquid  blood  being  made  up  of  plasma  and 
blood  corpuscles^  and  clotted  blood  of  serum  and  clot. 

Liquid  WihmI. 


PlaHina.  C'orpuscles. 

I 


I  I 

Serum.  Fibrin. 


I 


Clot. 


aottwl  Blood. 

Under  ordinary  circumstances  coagulation  occurs  before  the  red  cor- 
puscles have  had  time  to  subside;  and  thus  from  their  being  entangled 
in  the  meshes  of  the  fibrin,  the  clot  is  of  a  deep  red  color  throughout, 
probably  slightly  darker  at  the  most  dependent  part,  from  greater  accu- 
mulation of  red  corpuscles  there  than  elsewhere.  When,  however,  coag- 
ulation is  from  any  cause  delayed,  as  when  blood  is  kept  at  a  tempera- 
ture slightly  above  0°  C.  (32°  F.),  or  when  clotting  is  naturally  slow,  as 
is  the  case  with  horse's  blood,  or,  lastly,  in  certain  diseased  conditions, 
particularly  in  inflammatory  stjites,  time  is  allowed  for  the  colored  cor- 
puscles to  sink  to  the  bottom  of  the  fluid.  When  clotting  after  a  time 
occurs,  the  upper  layers  of  the  blood  are  free  of  colored  corpuscles  and 
consist  chiefly  of  fibrin.  This  forms  a  superficial  stratum  differing  in 
appearance  from  the  rest  of  the  clot,  and  is  of  a  grayish  yellow  color. 
This  is  known  as  the  bufft/  coat  or  cms  fa  phlogistica.  The  buffy  coat 
produced  in  the  manner  just  described,  commonly  contracts  more  than 
the  rest  of  the  clot,  on  account  of  the  absence  of  colored  corpuscles 
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rfrom  u^  inLshes,  i\nd  because  contraction  is  less  interfered  with  by  ad- 

Flii'^ioti  to  the  interior  of  the  (.'ontaining  veseel  in  tht»  verticiil  than  the 
horizontal  direction.  A  eii[i-Hke  apjienrunce  of  the  huffy  coat  resnlts, 
and  the  clot  is  not  only  biitfed  hut  i-upped  on  the  surface. 

Furmation  of  Fihrhi^—Thal  the  elottiug  of  blood  is  due  to  the  grad- 
ual appearance  in  it  of  fibrin  may  bo  easily  tUnnonHtnited,  For  example, 
if  recently  drawn  blouil  he  whipped  with  a  bundle  of  twigs,  the  i3brin 
may  be  withdrawn  from  the  blootl  Ijefore  it  can  entangle  tlie  hlood  eor- 
puseles  within  its  niesheg,  as  itadlieres  to  the  twigs  in  stringy  threads 
almost  free  from  corpuscles;  the  blood  from  which  the  tihrju  has  been 
withdrawn  no  longer  exhibits  the  power  of  spontiuieous  coagulability. 
Although  thes^e  facts  have  long  lieen  known,  the  closely  associated 
problem  ajs  to  the  exact  manner  in  which  fd;riu  is  formed  is  by  no  means 
m  simple.     It  will  be  most  convenient  to  treat  of  the  question  step  by 

L#tep. 

P  In  the  first  place  it  appears  that  under  the  ordinary  conditions  of 
experiment, /Ae/6nrt  m  chiejitf,  if  not  mifirebj  derhrd  frnm  ike  piamna  ; 
tor  although  the  colorless  corpuscles  nmy  he  intimately  connectod  with 
the  process,  as  will  be  shown  later  on,  yet  the  colored  CQr|>uscle8  take  no 
active  part  in  it.  This  statement  does  not  deny  the  possibility  that 
fibrin  may  sometimes  bo  derived  from  the  colored  corpuscles.  Indeed, 
this  is  more  than  probahle,  ns  experiments  have  shown  that  if  a  little 
defibrinated  blood  be  added  to  serum,  the  hiemoglobin  leaves  the  stroma 
of  the  colored  corpuscles  of  the  blood,  and  a  substoncc  !irises  from  it 
called  sfroma-fibriH,  indistinguishable  from  ordinary  fibrin,  and  the 
serum  is  clotted. 

But  normally  fibrin  is  derived  from  the  plasma.  ^^^ 

Pure  phisma  may  be  procured  by  delaying  cotigulation  in  blood  by 
keeping  it  at  a  temperutnre  slightly  nbove  freezing  jinint,  until  the 
colored  corpuscles  have  suhs^ided  to  the  bottom  of  the  containing  vessel; 
the  blood  of  the  horse  being  specially  suited  for  the  puqioses  of  this 
experiment.  A  portion  of  tlie  colorless  supematunt  plasmn.  if  decanted 
into  another  vessel  and  exposed  to  the  ordinary  ternperatnre  of  the  air, 
will  coagulate  just  as  thongh  it  were  the  entire  blood,  producing  a  clot 
similar  in  all  respects  to  blood  clot,  except  that  it  is  id  most  colorless 
from  the  absence  of  red  corpuscles.  If  some  of  the  phisma  be  dilutee! 
with  twice  or  three  times  its  bulk  of  normal  saline  solution,*  coagula- 
tion is  delayed,  and  the  stages  of  the  gradual  fornu^tion  of  fibrin  in  it 
may  be  conveniently  wutched.  The  viscidity  which  precedes  t!ie  com- 
plete coagidation  may  be  actually  seen  to  be  due  to  the  formation  of 
fibrin  fibrils — first  of  all  at  the  edge  of  the  finid  containing  vessel,  and 
then  gradually  extending  throughout  the  mass, 

♦  Xormai  saline  solutjori  cunimonly  cotisista  of  a  ,6  per  cent  solution  of  com- 
tnon  salt  (soditini  chloride)  iu  waiter. 
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If  a  further  portion  of  plasma,  diluted  or  not,  be  whipped  with  a 
bundle  of  twigs,  the  fibrin  may  be  obtained  as  a  solid,  stringy  mass,  just 
in  the  same  way  as  from  the  entire  blood,  and  the  resulting  fluid  no 
longer  retains  its  power  of  spontaneous  coagulability. 

It  is  not  indeed  necessary  that  the  plasma  shall  have  been  obtained 
by  the  process  of  cooling  above  described,  as  if  it  had  been  separated 
from  the  corpuscles  in  any  other  way,  e.g,,  by  allowing  blood  to  flow 
direct  from  the  vessels  of  an  animal  into  a  vessel  containing  a  third  or 
a  fourth  of  its  bulk  of  a  saturated  solution  of  a  neutral  salt  (preferably 
of  magnesium  or  sodium  sulphate)  and  mixing  carefully,  will  answer 
the  purpose  and,  just  as  in  the  other  case  the  colored  corpuscles  will 
subside  leaving  the  clear  superstratum  of  (salted)  plasma.  In  order 
that  salted  plasma  may  coagulate,  however,  it  is  necessary  to  get  rid  of 
the  salts  by  dialysis,  or  to  dilute  it  with  several  times  its  bulk  of  water. 

The  second  question  which  must  be  considered  is,  from  tohat  mate- 
rials  of  the  plasma  is  fibrin  formed?  If  plasma  be  saturated  with  solid 
magnesium  sulphate  or  sodium  chloride,  a  white,  sticky  precipitate  called 
by  Denis,  by  whom  it  was  first  obtained,  plasmine,  is  thrown  down, 
after  the  removal  of  which,  by  filtration,  the  plasma  will  not  spontane- 
ously coagulate.  Plasmine  is  soluble  in  dilute  neutral  saline  solutions, 
and  the  solution  of  it  speedily  coagulates,  producing  a  clot  composed  of 
fibrin.  Blood  plasma  therefore  contains  a  substance  without  which  it 
cannot  coagulate,  and  a  solution  of  which  is  spontaneously  coagulable. 
This  substance  is  very  soluble  in  dilute  saline  solutions,  and  is  not, 
therefore,  fibrin,  which  is  insoluble  in  these  fluids. 

But  there  is  distinct  evidence  that  plasmine  is  a  compound  body 
made  up  of  two  or  more  substances,  not  all  of  which  are  requisite  to 
form  a  clot,  and  that  it  is  not  mere  soluble  fibrin.  There  exists  in  all 
the  serous  cavities  of  the  body  in  health,  e.g.,  the  pericardium,  the  peri- 
toneum, and  the  pleura,  a  certain  small  amount  of  transparent  fluid, 
generally  of  a  pale  straw  color,  which  in  diseased  conditions  may  be 
greatly  increased.  It  somewhat  resembles  serum  in  appearance,  but  in 
reality  differs  from  it,  and  is  probably  closely  allied  to  plasma.  This 
serous  fluid  is  not,  as  a  rule,  spontaneously  coagulable,  but  may  be  made 
to  clot  on  the  addition  of  serum,  which  is  also  a  fluid  which  has  no 
tendency  of  itself  to  coagulate.  The  clot  produced  consists  of  fibrin, 
and  the  clotting  is  identical  with  the  clotting  of  plasma.  From  the 
serous  fluid  (that  from  the  inflamed  tunica  vaginalis  testis  or  hydrocele 
fluid  is  mostly  used)  we  may  obtain,  by  half -saturating  it  with  solid 
sodium  chloride,  a  white  viscid  substance  as  a  precipitjite  which  is 
cMedfibritiogen.  If  fibrinogen  be  separated  by  filtration,  it  can  be  dis- 
solved in  water,  as  a  certain  amount  of  the  neutral  salt  used  in  precipi- 
tating it  is  entangled  with  the  precipitate,  and  is  sufficient  to  produce  a 
dilute  (6  to  8  per  cent)  saline  solution  in  which  fibrinogen,  being  a  body 
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globulin  class,  is  soluble.  The  aohition  of  fibrinogen  lias  no 
mdency  to  clot  of  itself,  but  if  blood-serum  be  added  to  u  solution  of 
brinogeUp  the  mix  tare  clots. 

On  the  other  hand  from  blood-serum  nniy  be  obtstined,  by  saturation 
with  one  of  the  neutral  salts  above-mentioned,  a  globulin  very  similar 
in  properties  to  fibrinogen,  which  is  called  Mrumf/hbitiin  or  parnglobu- 
/m,  and  it  may  be  separated  by  filtration  and  dissolved  in  a  dilute  sjilino 
fiolution  in  a  manner  similar  to  fibrinogen. 

If  the  solutions  of  tibrinogen  and  paraglobulin  bo  mixed,  the  mix- 
ture cannot  be  distinguished  from  a  solution  of  plasmioe,  and  in  a  great 
majority  of  cases  firmly  clots  like  that  solution,  whereas  a  mixture  of 
the  hydrocele  fluid  and  serum,  from  which  these  bodies  have  beeu  re- 
spectively taken,  no  longer  manifests  the  like  property. 

In  addition  to  this  evidence  of  the  compound  nature  of  plasmine,  it 
may  be  further  ahown  that,  if  sufficient  care  be  taken,  both  fibrinogen 
and  paraglobulin  may  be  separately  obtained  from  plasma:  the  one, 
fibrinogen,  as  a  flaky  precipitate  by  adding  carefully  13  per  cent  of 
ygtalline  sodium  chloride  to  it;  and  the  otht^rj  paraglobulin,  may  be 
reci  pita  ted,  after  the  removal  of  fibrinogen  by  filtration,  on  the  further 
addition  (above  20  per  cent  and  to  saturation)  of  the  same  salt  or  of 
magnesiam  sulphate  to  the  filtrate.  It  is  evident,  therefore,  that  both 
these  substances  must  be  thrown  down  together  when  plasma  is  at  onro 
saturated  with  sodium  chloride  or  magnesium  sulphate,  and  that  the 
mixture  of  the  two  corresponds  w  ith  plasmine. 

8o  far  it  has  been  shown  that  plasmine,  the  antecedent  of  fibrin,  to 
the  po68e08ion  of  which  blood  owes  its  power  of  coagulating^  is  not  a 
simple  body,  but  is  composed  of  at  least  two  factors— viz.,  fibrinogen 
and  paraglobulin;  there  is  reason  for  believing  that  yet  anotlier  body 
is  precipitated  with  them  in  plasmine. 

It  was  at  one  time  thought  that  the  reason  why  hydrocele  fin  id 
coagulated,  when  serum  was  added  to  it,  was  that  the  latter  fluid  sup- 
plied  the  paraglobulin  which  the  former  lacked;  this,  however,  is  not 
the  ca^e,  as  hydrocele  fluid  does  not  lack  this  body,  and  moreover,  if 
paraglobulin,  obtained  from  diluted  aenim  by  passing  a  stream  of  car- 
nic  acid  jpia  through  it,  be  added,  no  clotting  will  take  place.  But  if 
'puraglobuUn,  obtained  by  the  Siitumtion  method,  be  added  to  hydrocele 
fluid,  clotting  soon  follows,  as  it  will  also  in  a  mixed  solution  of  fibrin- 
ogen and  paraglobulin,  both  obtained  by  the  satunition  method.  From 
this  it  is  evident  that  in  plasmine  there  is  something  more  than  the  two 
bodies  above  mentioned,  and  that  thi§  Bomething  is  precipitated  with 
the  paraglobulin  by  the  saturation  method,  and  ib  not  precipitated  by 
the  carbonic  acid  method. 

The  following  experiments  show  that  this  substance  is  of  the  nature 
of  a  ferment     If  defibrinated  blood  or  serum  be  kept  in  a  stoppered 
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bottle  with  its  own  bulk  of  alcohol  for  some  weeks,  all  the  proteids  are 
precipitated  in  a  coagulated  form;  if  the  precipitate  be  then  removed 
by  filtration,  dried  over  sulphuric  acid,  finely  powdered,  and  then  sus- 
pended in  water,  a  watery  extract  may  be  obtained  by  further  filtration, 
containing  but  little  proteid.  Yet  a  little  of  this  watery  extract  will 
produce  coagulation  in  fluids,  e.g.,  hydrocele  fluid  or  diluted  plasma, 
which  are  not  spontaneously  coagulable,  or  which  coagulate  slowly  and 
with  difficulty.  It  will  also  cause  a  mixture  of  fibrinogen  and  paraglob- 
ulin  both  obtained  by  the  carbonic  acid  method  to  clot.  The  watery 
extract  appears  to  contain  the  body  which  is  precipitated  with  the 
paraglobulin  by  the  saturation  method.  Its  active  properties  are  en- 
tirely destroyed  by  boiling.  The  amount  of  the  extract  added  does  not 
influence  the  amount  of  the  clot  formed,  but  only  the  rapidity  of  clot- 
ting, and  moreover  the  active  substance  contained  in  the  extract  evi- 
dently does  not  form  part  of  the  clot,  as  it  may  be  obtained  from  the 
serum  after  blood  has  clotted.  So  that  the  substance  contained  in  the 
aqueous  extract  of  blood  appears  to  belong  to  that  class  of  bodies  which 
promote  the  union  of,  or  cause  changes  in,  other  bodies,  without  them- 
selves entering  into  union  or  undergoing  change;  these  are  known  as 
ferments.  It  has,  therefore,  received  the  name  fibrin  ferment.  This 
ferment  is  developed  in  blood  soon  after  it  has  been  shed,  and  its 
amount  continues  to  increase  for  some  little  time  (p.  135). 

So  far  we  have  seen  that  plasmine  is  a  body  composed  of  three  sub- 
stances, viz.,  fibrinogen,  paraglobulin,  and  fibrin  ferment.  But  we  shall 
see  that  only  two  of  them  are  necessary  to  coagulation. 

Alex.  Schmidt,  to  whom  we  are  indebted  for  much  of  our  knowledge 
of  this  subject,  believed  that  the  three  substances  are  necessary  to  the 
production  of  a  clot.  He  thought  that  the  reason  why  coagulation  does 
not  occur  in  serum  which  contains  paraglobulin  and  the  fibrin  ferment 
is  that  serum  lacks  fibrinogen,  and  that  when  it  does  not  occur  in  fluids 
which  contain  fibrinogen,  paraglobulin  or  the  ferment  or  both  are  want- 
ing. Schmidt's  view  is,  however,  quite  untenable  in  the  face  of  the  fact 
that  a  solution  of  pure  fibrinogen  will  clot  firmly  on  the  addition  of  a 
solution  of  fibrin  ferment,  and  that  the  complemental  proposition  is 
equally  true,  viz.,  that  a  mixture  of  paraglobulin  and  fibrin  ferment 
(such  as  exists  in  serum)  will  not  clot.  It  is  to  Hammersten  that  the 
credit  of  clearing  up  this  matter  is  due;  he  proved  that  paraglobulin  is 
not  an  essential  in  coagulation,  since  fibrin  is  formed  from  fibrinogen 
alone  by  the  action  of  fibrin  ferment;  so  that  the  ferment  which  is  pre- 
cipitated with  paraglobulin  is  essential  and  not  that  body  itself.  He 
showed,  however,  that  paraglobulin  possesses  the  property,  in  common 
with  many  other  bodies,  of  combining  with — or  decomposing,  and  so 
rendering  inert — certain  substances  which  have  the  power  of  preventing 
the  formation  or  precipitation  of  fibrin,  such  a  power  belonging  for 
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example  to  the  free  alkalies,  to  the  ulkuline  car!>onates>  and  to  certain 
Balttf«  He  considered  that  fibrinogen  ib  protmhly  decomposed  into  fibrin 
with  the  production  of  some  other  Bubwtances;  or  I  hut  it  may  posaibly 
be  bodily  converted  into  it  under  the  acLisu  of  the  ferment. 

It  is  now  generally  believed,  however,  that  the  presence  of  a  certain 
but  small  amount  of  salts,  especially  of  ttOfUvm  rhJori(h\  and  according 
to  the  researches  of  Green,  of  mlrium  niiJphaic^  is  necessary  lor  coagu- 
lation,  and  that  without  it  clotting  cannot  take  place. 

Certain  other  changes  besides  solidification  take  place  in  blood  whe^ 
it  clots,  viz.  1 — its  temperature  rises  sli^ditJy,  it  becomes  less  alkalinej^ 
the  oxygen  is  diminished,  the  tension  of  carbonic  anhydride  rises,  and  a 
tmce  of  ammonia  gas  is  given  off.  The  clotted  part  is  said  to  become 
electrically  negative  to  the  un clotted  part 

SQurces  of  the  Fibrin  Ferment. — Fibrin  ferment  cannot  be  obtained 
in  any  appreciable  amount  from  blood  which  is  allowed  to  flow  direct 
from  the  living  vessel  into  al)eiulute  alcuhoL  It  is  almcjst  certainly  a 
result  of  the  more  or  less  complete  disintegration  of  the  colorless  cor- 
puscles after  blood  is  shed,  or  of  the  intermediate  corpuscles  which  will 
be  described  later  on  under  the  name  of  hhmd  platelet  a.  The  proofs  of 
tliis  may  be  briefly  summarized  a^  follows: — (1)  That  all  strongly  coag^ 
ulable  fluids  contain  these  corpuscles  almost  in  direct  proportion  ta 
their  coagulability;  (2)  That  clots  formed  on  foreign  bodies,  such 
needles  piojecting  into  the  interior  or  lumen  of  living  blood-vessels,  are 
preceded  by  an  aggregation  of  colorless  corpuscles;  (3)  That  plasma  in 
which  these  corpuscles  happen  to  be  scanty,  clots  feebly;  (4)  That  if 
horse*8  blood  be  kept  in  the  cold,  so  that  the  corpuscles  subside*  it  will 
be  found  that  the  lowest  stratum,  containing  chiefly  colored  corpU8cle8J^ 
will,  if  removed,  clot  feebly,  as  it  contains  little  of  the  fibrin  factors j 
wijereas  the  colorless  plasma,  especially  the  lower  layers  of  it  in  which 
the  colorless  corpuscles  are  most  numerous,  will  clot  well,  but  if  filtered 
in  the  cold  will  not  clot  so  well,  indicating  that  when  filtered  nearly 
free  from  colorless  corpuscles  even  the  plasma  docs  not  contain  suflicient 
of  all  the  fibrin  factors  to  produce  thorough  coagulation;  (5)  In  a  drop 
of  coagiilating  blood  observed  under  the  microscope  the  fibrin  fibrils  are 
seen  to  start  from  the  colorless  corpuscles. 

Nature  of  the  Fihrin  Frrmenf, — Halliburton  has  brought  forward 
weighty  reaaons  for  believing  fibrin  ferment  to  be  a  globulin.  Thus,  a 
solution  of  ferment  made  accordhig  to  Schmidt's  method,  if  clear,  neu- 
tral, or  faintly  alkaline  in  reaction,  does  not  coagulate  on  boiling,  and 
giTes  the  proteid  tests  faintly.  If  t!ie  solution  be  concentnited,  these 
reactions  become  more  developed,  and  the  proteid  present  reacts  to 
test  for  globulins.  The  ferment  too  can  be  extracted  from  shreds  of 
fibrin  obtiiined  from  whipped  blood  by  the  method  usually  emi)loye4l 
for  dissolving  globulins,  viz.,  by  an  8  per  cent  solution  of  sodium  chlor^J 
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ide,  and  when  the  globulin  is  removed  from  the  solution  thos  obtained, 
the  ferment  action  disappears  also,  A  globulin  (cell-globulin)  with 
similar  chiiracters,  which  hi\s  very  powerful  ferment  projjerties,  can  bo 
obtained  from  the  cells  of  lymphatic  glands,  which  are  the  precursors 
of  the  colorless  eorpimeles  of  the  blood,  Further,  the  ferment  action 
is  destroyed  at  a  temperature  of  from  tT-7y^  C.  {IHS"  F.),  or  if  in 
saline  solution  at  a  lower  temperature  still,  60°-C5°  C,  (145"^  F)  corre- 
f  Bponding  closely  with  the  coagulating  points  of  proteids  and  globulins 
respectively, 

Tlie  explaDatinn  of  the  clotting  of  hlofxi  whirh  has  been  given  in  the  pre- 
c^ling'  imgi*w.  and  wliirli  depemls  chiefly  UfMjii  the  researehes  of  Alex.  Sehniiill 
and  HaniDierHt*  n,  siipiwit^es  thut  it  in  one  of  the  fernieutative  aetiowB,  8o  many 
of  whieli  are  believed  to  gf»  on  in  the  living  btxly.  Wtnddridge  contested  ttiis 
view  of  the  process.  His  n^eandies  led  liini  to  the  bcdief  that  nwijuridation  r>f 
the  Wood  is  a  vital  pinx^ess.  ur  rather  that  it  is  tlie  last  act  of  vitality  displayed 
by  hlooil  pliisnia.  which  he  ctmHidered  to  be  living  protoplasm.  Some  of  the 
re^nltH  of  his  exix^rimenta  may  witli  advantage  be  here  mentioned*  Firstly, 
be  Hhowed  tbat  jdasma  itself  contains  everything  that  is  net^essary  for  coag^ula- 
tion.  For  his  exiieriments  he  used  plasma  obtained  by  hijectiu^  a  8«>bition  of 
comm*?rcial  peptone  into  the  veins  of  an  animal  and  remt>vin|^  bh^nl  from  it 
immediately  afterward.  The  bloixl  so  obtained  do«^H  not  readily  elot»  and  so 
alU»ws  the  s<^]janiti">n  of  the  blood -corposcles  from  the  phisma,  tlie  plasma  so 
obtained  Ixdng  called  jKptone  pfasnin.  The  whole  of  the  eorpuscuhir  eleruenti* 
were  removed  by  repeated  treatment  with  a  centrifugal  machine.  Peptone 
plasma  was  shown  to  clot  by  the  uw  of  s(_»me  simple  nu^cbanieal  means,  e.g,, 
filtering  through  a  clay  cell,  or  thronji^h  filter  ^>a|>i>r.  or  on  neutralization  with 
acetic  acid,  or  carlniuic  acid,  or  by  dilution  with  water  or  saline  sohUior. 
TliuB  it  would  apfjear  that  if  the  colorless  blood  ooipuscles  aid  coagulation, 
their  influence  is  otdy  seeondary, 

Sei'ondly,  be  slurvved  that  the  impt*rtant  prectirwir  of  clotting  in  this  pep- 
lone-jjiaftmia  may  i:»e  separated  fri>m  it,  as  a  precipitate,  if  the  planma  l>e  kept 
in  ice  for  some  time,  ami  that  after  its  rt*moval  the  plasma  contains  only  a 
little  fibrinogeB  capable  of  clotting  by  the  action  (if  tibriu  ferment.  If  the 
IpLaBma  l>e  diluted  with  water  or  slightly'  acidulated,  however,  the  Jlbrin  fer- 
ment ia  able  to  pnKluce  a  complete  clotting. 

In  p€?ptone  plasma,  Wi>oldridge  stated  that  three  coagnlable  bodies  exist, 
which  he  calls  A,  B,  and  C  tiliriuogen,  and  which  are  closely  allied  to  one 
another.  C-fibrinogen  is  identical  with  the  iMxly  which  has  been  hitherto  de- 
pcrilfcd  as  iilirinogen.  is  present  in  verj'  small  auiouut,  and  clots  on  addition  of 
fibrin  ferment.  The  coagnlable  matter  present  in  great<^st  amount  ia  B  iibrin- 
ogen,  which  clots  on  addition  of  lecithin,  or  of  lymph  corftusi  les,  but  not  on 
the  addition  of  fibrin  ferment.  A'fibrin<:»gen  iei  separated  from  plasma  by 
cooling,  in  minute  regular  roundeil  granules,  from  which,  if  watched  nnder 
the  microscope,  rounded  distin<^tly  biconcave  discs  are  seen  tc*  arise,  quite  in- 
distinguishable from  blmxi  plates;  it  is  not  coagulated  by  fibrin  femient. 
Finally,  he  coiisidere<l  that  when  blood  plasma  dies,  an  action  takes  place 
between  A-  and  Bdlbrinogen,  which  nn*  both  compounds  of  proteid  and  leci- 
thin. Tlie  **ssential  of  this  action  is  a  loss  of  lecithin  <.m  the  part  of  the  former 
and  a  gain  of  lecithin  on  the  part  of  the  latter,  with  the  result  of  the  produc- 
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lian  oi  fibrin,  a  third  proteid- lecithin  compound,  whiie  other  substances  cun- 
tnitied  iti  tlie  aerum,  including  fibrin  ferment,  are  at  the  saine  time  set  free. 
Thus,  fibrin  ferment,  a  body  which  can  convert  C-fibrinogen  into  librin,  is  not 
present  in  living  plasma,  but  is  a  result  of  its  disorganiKatiMn  or  death.  Ah 
tik*  Hhrinogen  which  can  bt*  chttted  l)y  the  ferment  is  only  present  in  ininimai 
sinuuutH  in  living  plasma,  injection  of  a  st)lution  of  fibrin  ferment  or  of  shed 
blocHl  does  not  produce  intra- va&cular  clotting,  whereas  injection  of  lyinph 
corpuscles  from  lymphatic  glands  or  of  lecithin,  either  of  which  wiQ  priMluce 
electing  of  the  other  librinogens  which  form  the  liulk  of  the  coagulable  matter 
in  living  bUxM),  !ea«lw  tu  extensive  intra- vascular  clotting. 

Conditions  affecting  Coagulation, —The  coagulation  of  the  blood 
il  hastened  by  tbo  following  means : — 

1.  Modernh  wnnn(h,^irom  nboiit  3:.8-49^  C,  (lOO^  to  1:^0"  F,), 

2.  Ue»t  is  fiivorubl©  to  the  coagtilutiou  of  Mood.  Blood,  of  which 
the  whole  mass  is  kept  in  inn  form  motion,  as  when  a  closed  vessel  oom- 
pleiely  filled  with  it  is  constantly  moved,  coagulates  very  slowly  and 
im[>erfectly. 

3.  Contact  with  foreign  matter,  and  especially  multiplication  of  the 
points  of  contact.  Thus,  as  before  menlioned,  fibrin  may  be  quickly 
obtained  from  liquid  blood  by  stirring  it  with  a  bundle  of  small  twigs; 
and  even  in  the  living  body  the  blood  will  coagulate  upon  rough  bodies 
projecting  into  the  vessels, 

4.  The  free  aceem  of  air, — Coagulation  is  quicker  in  shallow  than  in 
tall  and  narrow  vessels. 

5.  Tktf  addition  of  lens  than  tffu're  the  fmU-  of  water. 

The  blood  last  drawn  is  said^  from  being  more  watery,  to  coagulate 
more  quickly  tlijin  the  first. 

The  coagulation  of  the  blood  is  retarded,  suspended,  or  pre- 
vented by  the  following  means: — 

1.  (VnW  retards  coagulation;  and  so  long  as  blood  is  kept  at  a  tem- 
perature 0'  C,  (32°  F,),  it  will  not  coagulate  at  all.  Freezing  the  blood, 
of  coarse,  prevents  its  coagulation ;  yet  it  will  coagulate,  though  not 
firmly,  if  thawed  after  being  frozen;  and  it  will  do  so  even  after  it  has 
been  frozen  for  several  months,  A  hi*jh'r  ifrnpt'taiffre  titan  Ad'  C\  (120^ 
/')  retards  coagulation  by  coagulating  the  albumen  of  the  serum,  and 

a  still  higher  one  above  oC^  C.  (1;13'  F.)  jirevents  it  altogether. 

2,  The  addition  of  tvater  in  ffreaier  proportiouH  than  twice  the  bulk 
of  the  blood,  also  the  addition  of  .st/rttpy  gtifcertne,  and  other  tnacid  stth- 
ttiatice/r. 

3-  Contact  with  iiHj^fl  tissues,  and  especially  with  the  interior  of  a 
living  lilood-vessel.  Blood  may  he  kejit  fluid  in  a  tortoise^s  heart  after 
removal  from  the  body  for  several  days,  and  if  the  jugular  vein  of  a 
horse  be  ligatured  in  two  places  so  as  to  include  within  it  blooil,  and 
then  be  removed  from  the  IkhIv  and  i)lHced  in  a  cool  place,  the  contained 
blood  will  remain  unclotted  for  hours  or  even  days. 
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4,  The  addition  of  neutral  salts  in  the  proportion  of  2  or  3  per  cent 
and  upward.  When  added  in  large  proportion  most  of  these  saline  sub- 
stances prevent  coagulation  altogether.  Coagulation,  however,  ensues 
on  dilution  with  water.  The  time  during  which  blood  can  be  thus 
preserved  in  a  liquid  taste  and  coagulated  by  the  addition  of  water,  is 
quite  indefinite. 

5.  Imperfect  aeration, — as  in  the  blood  of  those  who  die  by  asphyxia. 
C.  In  injlammatory  states  of  the  system  the  blood  coagulates  more 

slowly  although  more  firmly. 

7.  Coagulation  is  retarded  by  exclusion  of  tlie  blood  from  the  air,  as 
by  pouring  oil  on  the  surface,  etc.  In  vacuo,  the  blood  coagulates 
quickly.  Receiving  blood  into  a  vessel,  well  smeared  inside  with  oil, 
fat,  or  vaseline,  is  said  also  to  retard  or  prevent  coagulation. 

8.  The  coagulation  of  the  blood  is  prevented  altogether  by  the  addi^ 
tion  of  strong  acids  and  caustic  alkalies. 

9.  The  injection  of  commercial  peptone  containing  albumoses,  or  of 
various  digestive  ferments,  e.g.,  trypsin  or  pepsin,  into  the  vessels  of 
an  animal  appears  to  prevent  or  stay  coagulation  of  its  blood  if  it  be 
killed  soon  after.  The  secretion  of  the  mouth  of  the  leech,  and  possibly 
the  blood  squeezed  out  of  its  body  when  full,  also  prevents  the  clotting 
if  added  to  blood. 

It  is  stated  that  the  reason  why  blood  does  not  coagulate  in  the  living 
vessels  is,  that  the  factors  which  are  necessary  for  the  formation  of  fibrin 
are  not  in  the  exact  state  required  for  its  production,  and  that  at  any 
rate  the  fibrin  ferment  is  not  formed  or  is  not  free  in  the  living  blood, 
but  that  it  is  produced  (or  set  free)  at  the  moment  of  coagulation  by  the 
disintegration  of  the  colorless  (and  possibly  of  the  colored)  corpuscles. 
This  supposition  is  certainly  plausible,  and,  if  it  be  a  true  one,  it  must 
be  assumed  either  that  the  living  blood-vessels  exert  a  restraining  influ- 
ence upon  the  disintegration  of  the  corpuscles  in  sufficient  numbers  to 
form  a  clot,  or  that  they  render  inert  any  small  amount  of  fibrin  fer- 
ment, which  may  have  been  set  free  by  the  disintegration  of  a  few  cor- 
puscles; as  it  is  certain  firstly  that  corpuscles  of  all  kinds  must  from 
time  to  time  disintegrate  in  the  blood  without  causing  it  to  clot;  and, 
secondly,  that  shed  and  defibrinated  blood  which  contains  blood  corpus- 
cles, broken  down  and  dishitegrated,  will  not,  when  injected  into  the 
vessels  of  an  animal,  under  ordinary  conditions,  produce  clotting.  There 
must  be  a  distinct  difference,  therefore,  if  only  in  amount,  between  the 
normal  disintegration  of  a  few  colorless  corpuscles  in  the  living  unin- 
jured blood-vessels  and  the  abnormal  disintegration  of  a  large  number 
which  occurs  whenever  the  blood  is  shed  without  suitable  precaution, 
or  when  coagulation  is  unrestrained  by  the  neighborhood  of  the  living 
uninjured  blood-vessels. 
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The  Blood  Corpuscles. 

There  are  two  principal  forms  of  corpuscles,  the  red  and  the  white ^  or, 
as  they  are  now  frefjuently  named,  the  colored  and  the  colorless.  In  the 
mout  etate^  the  red  corpuscles  form  about  45  per  cent  by  weight,  of  the 
whole  mass  of  the  blood.  The  proportion  of  colorless  corj^uecles  is  only 
aa  1  to  500  or  600  of  the  colored. 

Red  or  Colored  CorpuscIes.^ — Ho  man  red  blood-eorpuaclee  are 
circular^  biconcave  discs  with  rounded  edges,  from  j-,^  to  :jt)V<t  ij^ch  in 
diameter  6/i  to  Sh,  and  ts+ott  ^^^^  ^^  about  2/x  in  thickness,  becoming 
flat  or  convex  on  addition  of  water.  When  viewed  singly  they  appear 
of  a  pale  yellowish  tinge;  the  deep  red  color  which  they  give  to  the 
blood  being  observable  in  them  only  when  they  are  seen  en  masse. 
They  are  composed  of  a  colorless,  structureless,  and  transparent  filmy 
framework  or  strama,  infiknited  in  al!  parts  by  a  red  coloring  matter 
termed  hwnwglobin.  The  stroma  is  tough  and  elastic,  so  thatj^  as  the 
corpngcles  circulate,  they  admit  of  elongation  and  other  changes  of  form, 
m  adaptation  to  the  vessels,  yet  recover  their  natural  sbape  as  soon  a8 
they  escape  from  compression.  The  term  cell*  in  the  sense  of  a  bag  or 
sac,  although  sometimes  applied,  is  scarcely  applicable  to  the  red  blood 
corpuscle;  it  must  be  considered,  if  not  solid  throughout,  yet  as  having 
no  such  marked  diiference  of  consistence  in  diiferent  parts  as  to  justify 
the  notion  of  its  being  a  membranous  sac  with  fluid  contents*  The 
stroma  exists  in  all  parts  of  its  substance,  and  the  coloring-matter  uni- 
formly pervades  this;  hut  at  the  same  time  it  is  probable  that  the  con- 
sistence of  the  peripheral  part  of  tlie  protoplasm  is  more  solid  than  that 
of  the  more  central  mass. 

The  red  corpuscles  have  no  nuclei,  although,  in  their  usual  state,  the 
unequal  refraction  of  transmitted  light  gives  the  appearance  of  a  cen* 
tral  spot,  brighter  or  darker  than  the  border,  according  as  it  is  viewed 
in  or  out  of  focus.     Their  specific  gravity  is  about  1088. 

The  corpuscles  of  all  mamm:il8  with  tlie  exception  of  the  camelidae 
are  circular  and  biconcave.  In  the  camelida^  they  are  oval  and  bicon- 
vex. In  all  mammals  the  corpuscles  are  non-nucleated,  and  in  all  other 
vertebrates  (birds,  reptiles,  amphibia,  and  fish),  the  corpuacles  are  oval 
biconvex  and  nucleated  (fig.  121Y 

Varieties. — The  red  corpuscles  are  not  all  alike,  some  being  rather 
larger,  paler,  and  less  regular  than  others,  and  sometimes  fiat  or  slightly 
convex,  with  a  shining  particle  apparent  like  a  nucleolns.  In  almost 
every  specimen  of  blood  may  be  also  observed  a  certain  number  of  cor- 
puscles smaller  than  the  rest.  They  are  termed  microcytes,  or  hmma* 
ioblasts,  and  are  probably  immature  corpuscles. 

It  is  necessary  to  take  notice  that  much  importance  is  attached  to 
9 


130 


HAKDBOOK    OF   PHTSIOLOGY. 


one  form  of  these  smaller  corpuscles  named  Mood  plates  by  Bizzozero 
(Blutplattchen).  They  are  smull,  more  or  less  rounded  or  slightly  oral 
grannies^  slightly  if  at  all  colored,  and  about  one  third  the  size  of  ordi- 
nary colored  corpuaeles.  From  them  it  is  supposed  the  fibrin  ferment  is 
specially  derived.  They  rapidly  undergo  change  in  bloody  after  it  has 
been  drawn.     They  may  form  masses  by  coalescing. 

A  peculiar  property  of  the  red  corpuscles,  which  is  exaggerated  in 
inflammatory  blood,  may  be  here  again  noticed,  Le,,  their  great  tendency 
to  adhere  together  in  rolls  or  columns  (rouleaux),  like  piles  of  coins. 
These  rolls  quickly  fasten  together  by  their  ends,  and  cluster;  so  that, 
when  the  blood  is  spread  out  thinly  on  a  glass,  they  form  a  kind  of 
irregular  network,  with  crowds  of  corpuscles  at  the  several  points  cor- 
responding with  the  knots  of  the  net  (fig.  118),  Hence  the  clot  formed 
in  such  a  thin  layer  of  blood  looks  mottled  with  blotches  of  pink  upon 


*  K 


Fli^.US, 


Fig,  llfl. 

F1(f-  llS^^Red  corpuscles  In  rouleaux,    Th*^  rounded  corpuacles  are  white  or  unoolored. 
Tig.  119.— 0:)ri»usoIeB  of  the  frou.    The  ctfutra]  Tnas»  vttnaists  of  nucleatetl  colored  eorptuclaL 
The  otber  c»>rpusciea  are  two  varledes  of  the  colorlen  form. 

a  white  ground,  and  in  a  larger  quantity  of  blood  such  masses  help,  by 
the  consequent  rapid  subsidence  of  the  corpuscles,  in  the  formation  of 
the  buffy  coat  already  referred  to. 

Action  of  Re-agents, — Considerable  light  has  been  thrown  on  the  physical 
and  chemical  constitution  of  red  blood -cells  by  studying  the  effects  produoed 
by  mechanirai  means  and  by  various  reagents  :  the  following  is  a  brief  siim- 
mary  of  these  re-actions : — 

Pressure. — If  the  red  blood -cells  of  a  frog  or  man  are  gently  squeezed,  they 
exhibit  a  wrinkling  of  the  surface^  which  clearly  indicates  that  there  is  a 
superficial  i>ellicle  imrtly  differentiated  from  the  softer  mass  within  ;  again^  if 
a  nei?dle  be  rapidly  dravv-o  across  a  dnjp  of  bloody  several  corpuscles  will  be 
found  cut  in  two,  but  this  is  not  accompanied  by  any  escape  of  cell  contents ; 
the  twr»  halves,  on  the  contrary,  assume  a  rounded  form,  proving  clearly  that 
the  cor]iU8eles  are  not  mere  membranous  sacs  with  fluid  contents  like  fat-oells. 

Fluids,     i.   Water, — When  water  is  added  gradually  to  frog's  blood»  tlie  ova.1 
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diff>6liaped  corpuscles  l>ecome  spherical,  and  gradually  discharge  their  hiemo- 
giobiD«  a  pale,  transparent  stroma  being  left  behiDd  ;  liuman  red  blood-ceils 
change  from  a  discoidai  to  a  splieroidal  form,  and  discharge 
their  cell-ooateDti,  beooming  quite  transparent  and  all  but  in- 
vinible. 

ii.  Saline  9olution  produces  no  appreciable  effect  on  the  red 
bIo«j<l  cells  of  the  frog.     In  the  red  blood-cella  of  man  the  dis- 
coid shape  is  exchanged  for  a  spherical  one,  with  spinotm  pro- 
j+^liorm.  like  a  horise- chestnut  (fig.  120).     Their  original  forms  can  be  at  once 
ri^tored  by  the  use  of  carbonic  acid. 

ill.  Acetic  acifi  (dilute)  causes  the  nucleus  of  the  re<l  blmxl-cells  in  the  frog 
to  become  more  clearly  defined  ;  if  th*;  action  is  prolonged,  the  nucleus  becomes 
ilitnigty  Rranulated.  and  all  the  coloring  matter  seems  to  be  concentrated  in  it, 
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n«.  121.— The  above  Ulu^tratJoc  is  some  what  olt+^nsNl  from  a  drawing  by  Gulliver,  in  the  Proc^id. 
£ooi.  Sodety,  and  exhibit*!  the  typical  charact^^ra  of  the  reij  bload'oelto  in  thf  nmin  tlhisious  of  the 
TtfTtebirmta.  Tbo  tnetkua  &re  tiiuse  of  aii  iuL-h,  iLud  represent  the  averftjtre  dinnwu^r.  \u  the  cam? 
of  t^  oral  oeUs,  only  tbe  long  dlamKi^r  i»  h»^re  0vrn  li  is  remarkahlf\  that  ttlth«ti(fh  thi^  siy^i?  of 
the  red  blood-cells  vari^  so  much  in  tlie  dilTerent  eluiisefl  of  the  verlebrati"  kJnf?4lom.  that  of  the 
white  corpBBdea  remalDS  comparatively  uuifonu.  nud  thus  they  are.  in  some  animals,  much  ^nf^ter, 
in  others  much  Im  than  the  red  corpuscle  exltstitig  side  by  side  with  them. 


the  surround  tog  cell-suhstauee  and  outline  of  the  cell  becominj?  almost  invisi- 
ble ;  after  a  time  the  cells  lose  their  color  altogether.  The  cells  in  the  figure 
(fig.  122)  represent  the  successive  stiiKes  of  the  change.  A  similar  loss  of  color 
occurs  in  the  red  cells  of  human  hlo<xl,  which,  however,  from  the  absence  of 
nuclei,  seem  to  «lihia]ipear  entirely, 

iv.  Alkalies  caut^  the  red  blood  ct^l Is  to  swell  and  finally  to  disappear. 

T.  Vhlorofonn  added  to  the  red  blood -cells  of  tlie  frog  causes  them  to  part 
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with  their  haemoglobin ;  the  stroma  of  the  cell«  becjomea  gradualljr  broken  up. 
A  similar  effect  is  imnluced  on  the  tiumim  red  lilixxlcell 

vi.  JViim I fi.^ When  a  2  per  cent  frewh  sohitinn  of  tannic  acid  is  applied  to 
frog's  blocMi  it  causes  the  appearance  of  a  slmqily-detinc-d  little  knob,  project- 
ing from  the  free  Burface  {JRoberts*  maeuia)  :  the  coloring  matter  becomes  at 
tile  same  time  concentrated  in  the  nucleus,  which  grows  more  distinct  (fig. 
133) .     A  somewhat  similar  effect  is  protiuced  on  the  human  red  blocxi  corijuscje. 

vii.  Magenta^  when  applied  to  the  rud  bluod-celk  of  the  frog,  produces  a 
similar  little  knob  or  knobs,  at  the  same  time  staiuieg  the  nucleus  and  causing 
the  discbarge  of  the  haemoglobin.  The  lii-st  effect  of  the  magenta  is  to  cause 
the  diacharge  of  the  haemoglobin ,  then  the  nucleus  becomes  suddenly  stained, 
and  lastly  a  finely  granular  matter  issuej^  through  the  w^all  of  the  corpuscle, 
becoming  stained  by  the  magenta,  and  a  uiaeula  is  formed  at  the  point  of  es- 
cape.    A  similar  macula  is  pniKlticed  in  the  human  re<i  blood- cells. 

Tili.  Borie  acid. — A  2  per  cent  Bolution  applied  to  nucleated  red  blood-cells 
(frog)  will  cause  the  couceutration  of  all  the  coloring  matter  in  tlie  nucleus; 
the  colored  body  thus  formed  graduall}*  quit»  its  central  fiosition,  and  comes  to 
be  partly,  sometimes  entirely,  protruded  from  the  surface  of  the  now  colorlese 
cell  (fig.  124) .     TJie  result  of  this  experiment  led  Briicke  to  distinguish  the 
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Fig.  128. 
EfTeci  of  acotic  acid. 
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Effect  of  t&ILQllL 
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Fig.  124. 
Effect  of  bozic  add. 


Fig.  125. 
Ellt»ct  of  gaf«s. 
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colored  contents  of  the  cell  {zodd)  from  its  colorless  stroma  (<ECoid) .  When 
applied  to  the  non- nucleated  mammalian  corpuscle  its  effect  merely  resembles 
that  of  other  dilute  acids. 

ix,  AmmonUu—l\s  effects  seem  to  vary  according  to  the  degree  of  concen- 
tration. Sometimes  the  outline  of  the  corjmscles  becomes  distinctly  crenated  ; 
at  other  times  the  effect  resembles  timt  of  boracic  acid,  while  in  other  ctises 
the  edges  of  the  corpuscles  begin  to  break  up. 

Gases,  Vai'lMiuie  acid. — If  the  red  blo^jd- cells  of  a  frog  he  first  exposed  to 
the  action  of  water- vapt^r  (which  renders  their  outer  |)ellicle  more  readily  i»er- 
meahle  to  gases),  and  then  acted  on  by  carWuic  acid,  the  nuclei  imme<Uately 
become  clearly  defined  and  strongly  granulated  ;  when  air  or  oxygen  is  admitted 
the  original  apijearauce  in  at  once  restored.  The  ui>i)er  and  lower  cell  in  fig* 
125  ahow^  the  effet^t  of  carbonic  acid  ;  the  middle  one  the  effect  of  the  re-admis- 
sion  of  air.  These  effects  can  l)e  reproduced  fi^e  or  six  times  in  succession. 
If,  however,  the  action  of  the  c^rlxmic  acid  be  much  prolonged,  the  granula- 
tion of  the  nucleus  becomes  j>ermanent ;  it  appeari  to  depend  on  a  coagulation 
of  the  paraglobuUtL 

Heat— The  effect  of  heat  up  to  50"^— 60'  C.  (190—UO'  F.)  is  to  cause  the 
formation  of  a  number  of  bnd  like  proceesee  (fig.  136). 

Electricity  causes  the  red  bl<HMl -corpuscles  to  bec<*me  crenated,  and  at  leogth 
mulberry -like.     Finally  they  recover  their  round  form  and  become  quite  pale. 

The  Colorless  Corpuscles.— In  human  blood  the  white  or  color- 
less corpuscles  or  leitcQcyic^  are  nearly  splicric;il  masses  of  granular  pro- 
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Iplasm  without  cell  wall.  The  grimular  appearance  more  marked  in 
aome  tliuu  in  others  {ntie  infra),  is  due  to  the  presence  of  particles 
probably  of  a  fatty  nature.  In  all  oases  one  or  more  nuclei  exist  in  each 
corpuscle.  The  size  of  the  corpuscle  average  ^-^  of  an  inch  (lOfi)  iu 
diameter. 

In  health,  the  proportion  of  white  to  red  corpuscles,  which>  taking 
an  average,  is  aboot  1  to  500  or  GUO,  varies  considerably  even  in  the 
course  of  the  same  duy.  The  variations  appear  to  depend  chielly  on  the 
amount  and  prokibly  also  on  the  kind  of  food  taken;  the  number  of 
lencocytee  being  very  considerably  increased  by  a  meal,  and  diminished 
again  on  fasting.  Also  iu  young  persons,  during  pregnancy,  and  after 
great  loss  of  blood,  there  is  a  larger  proportion  of  colorless  blood  cor- 
pugcles,  which  probably  shows  that  they  arc  more  rapidly  formed  under 
these  circumstances.  In  old  age,  on  the  other  hand,  their  proportion 
is  diminished. 

Varieties, — The  colorless  corpuscles  present  greater  diversities  of 
form  than  the  red  ones.    Two  chief  varieties  are  to  be  seen  in  human 


¥\%.  1S7.— A.  Three  colored  blood-corpii'$cleiB.    B.  Tlirt-o  oolorl«!»  blood-corpuscles  acted  on  by 
aoeitc  actd ;  the  nuclei  are  v«ry  cWarly  visible,    x  WO. 

blood;  one  which  contiiins  a  considerable  number  of  granules,  and  the 
other  which  is  paler  and  less  granular*  In  size  the  variations  are  great, 
for  in  most  specimens  of  blood  it  is  possible  to  make  out,  in  addition  to 
the  full-sized  varieties,  a  number  of  sniuller  corpuscles,  consisting  of  a 
large  spherical  nucleus  surrounded  by  a  variable  amount  of  more  or  less 
granular  protoplasm.  The  small  corpnacles  are,  in  all  probability,  the 
undeveloped  form  of  the  others>  and  are  derived  from  the  cells  of  the 
lymph. 

Besides  the  above-mentioned  varieties,  Schmidt  decribes  another  form 
which  he  looks  upon  as  intermediate  between  the  colored  and  the  color- 
less forms,  viz.,  corpuscles  which  contain  red  granules  of  haemoglobin  in 
their  protophism.  The  different  varieties  of  colorless  corpuscles  are 
especially  well  seen  in  the  blood  of  frogs,  newts,  and  other  cold-blooded 
animals, 

Amceboid  movement* — The  remarkable  property  of  the  colorless 
corpuscles  of  spontaneously  changing  their  shape  was  first  demonstrated 
by  Wharton  Jones  in  the  blood  of  the  skate.  If  a  droj)  of  blood  be  ex- 
amined with  a  high  power  of  the  microscope  on  a  warm  stage,  or,  in 
other  words,  under  conditions  by  which  loss  of  moisture  is  prevented. 
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and  at  the  same  time  the  temperature  is  maintained  at  about  that  of 
the  body  37**  C.  (98^**  P.),  the  colorless  corpuscles  will  be  observed 
slowly  to  alter  their  shapes,  and  to  send  out  processes  at  various  parts 
of  their  circumference.  The  amoeboid  movement  which  can  be  demon- 
strated in  human  colorless  blood-corpuscles,  can  be  most  conveniently 
studied  in  the  newt's  blood.  The  processes  which  are  sent  out  from  the 
corpuscle  are  either  lengthened  or  withdrawn.  If  lengthened,  the  pro- 
toplasm of  the  whole  corpuscle  flows  as  it  were  into  its  process,  and  the 
corpuscle  changes  its  position;  if  withdrawn,  protrusion  of  another  proc- 
ess at  a  different  point  of  the  circumference  speedily  follows.  The 
change  of  position  of  the  corpuscle  can  also  take  place  by  a  flowing 
movement  of  the  whole  mass,  and  in  this  case  the  locomotion  is  com- 
paratively rapid.  The  activity  both  in  the  processes  of  change  of  shape 
and  also  of  change  in  position,  is  much  more  marked  in  some  corpus- 
cles, viz.,  in  the  granular  variety,  than  in  others.    Klein  states  that  in 


^-iiii»iifr 


Fig.  188.~Hiiiiian  oolorleas  blood-corpuscles,  showing  its  successive  changes  of  outiine  within 
ten  minutes  when  kept  moist  on  a  warm  stage.    CSchofielo.) 

the  newt's  blood  the  changes  are  especialy  noticeable  in  a  variety  of  the 
colorless  corpuscle,  which  consists  of  a  mass  of  finely  granular  proto- 
plasm with  jagged  outline,  and  contains  three  or  four  nuclei,  or  in  large 
irregular  masses  of  protoplasm  containing  from  five  to  twenty  nuclei. 
Another  phenomenon  may  be  observed  to  occur  in  the  colorless  corpus- 
cles, viz.,  the  division  of  the  corpuscles.  A  cleft  takes  place  in  the  pro- 
toplasm at  one  point,  becomes  deeper  and  deeper,  and  then  by  the 
lengthening  out  and  attenuation  of  the  connection,  and  finally  by  its 
rupture,  two  corpuscles  result.  The  nuclei  have  previously  undergone 
division.  The  cells  so  formed  are  remarkably  active  in  their  movements. 
Thus  we  see  that  the  rounded  form  which  the  colorless  corpuscles  pre- 
sent in  ordinary  microscopic  specimens  must  be  looked  upon  as  the 
iliape  natural  to  a  dead  corpuscle  or  to  one  whose  vitality  is  dormant 
mlher  than  as  the  shape  proper  to  one  living  and  active. 

Action  of  reagents  upon  the  colorless  corpuscles. — Feeding  the  corpus- 
<d89. — If  some  fine  pigment  granules,  e.g.,  powdered  vermilion,  be  added  to  a 
fluid  containing  colorless  blood- corpuscles,  on  a  glass  slide,  these  will  be 
obserred,  under  the  microscope,  to  take  up  the  pigment.  In  some  cases 
ooiariem  corpuscles  have  been  seen  with  fragments  of  colored  ones  thus  em- 
bedded in  their  substance.  They  have  also  been  seen,  in  diseased  states,  to 
contain  micro-organisms,  e.g.,  bacilli,  and  according  to  some  pathologists  are 
capable  of  destroying  them  (phagocytosis) .  They  may  too  take  up  other  for- 
eign matter  or  even  other  colorless  corpuscles.  This  property  of  the  colorless 
cofpoacles  is  especially  interesting  as  helping  still  further  to  connect  them  with 
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I  loweet  forms  of  aaimal  life,  and  to  connect  both  with  the  organized  ceils  of 
which  the  higher  animals  are  composed. 

The  property  which  the  colorleBB  corpuBcles  possess  of  passing 
throagh  the  walls  of  the  blood-vessels  will  he  described  later  on. 

Enumeration  of  the  blood-corptiscles, — SeTeral  methcxiH  are  employed  for 
counting  the  hiocMl-eorpusct^^s,  mrist  of  them  ilejiendiiii^  uptm  the  sam*:^  princi- 
ple, re,,  the  dilution  of  a  minute  volume  of  hlixwl  with  a  given  volume  of  a 
colorless  solution  similar  in  specific  gravity  to  bkKjd  plabma,  so  that  th»?  sisse 
and  shape  of  the  coq»uscles  is  altere*!  tm  little  ba  fioeeible.  A  minute?  <juandty 
of  the  well-mijced  solution   is   then  taken,  examined  under  tlie  microscope, 


Heaattijr  bftcfUus  -» 


._^-,  Hettlthjr  bacillus 
-  PortlAlIf  dlge«ted 


raitMly  dJ«ested  k<ticoc3rte  ... 
Noctel  ▼Aci]olAted...A, 


.    Nydeuii 

^    BactUuK  lu  leucocyte 

Partially  iUgmted  teucocjte 

Forel^  luatter 


Fbpeign  matter  .. 


hencocytegi 


—  Pftrtidiiaefl 
„.  PiiJticlM  of  itnvlgv  ] 
Partlcks  of  f orelgii  matter 


F|ff«  ISi.— Mocrophftges  conUinitig  bAclUi  ftud  other  Htnicturos  mpvo&ed  to  be  imdergolag  digestion. 

(Rufferj 

either  in  a  flattened  capillary  tube  (Malaasez)  or  in  a  cell  ( Ha jem  &  Nachet, 
Gowera)  of  known  capacity,  and  the  number  of  corpuscle®  in  a  meaHured  length 
of  the  tube,  or  in  a  given  area  of  the  cell  ia  counted.  Tht^  length  of  the  tulie 
and  the  area  of  the  cell  are  ascertained  by  means  of  a  micrometer  scale  in  the 
microscope  ocular;  or  in  the  case  of  Gowers*  modification,  by  the  division  of 
the  cell  area  into  squares  of  kuf>wn  size.  Having  juscertaiucd  the  numl)er  of 
corpuscles  in  the  diluted  blofMi,  it  is  easy  to  find  out  the  number  in  a  given 
volume  of  normal  blcKxl.  Gowers'  mtKiification  of  Hayem  S^  Nachet's  instru- 
ments called  by  him  Ha'macytometer,  consist**  of  a  small  pipette  (a),  which, 
when  tilled  up  to  a  mark  on  its  stem,  holds  0i»5  cubic  millimetres.  It  is  fur- 
nished with  an  india-rubber  tube  and  glass  mouth-piw^e  to  facilitate  filling  and 
emptying;  a  capillary  tuh(»  (n)  marked  to  hold  5  cubic  millimetres,  and  also 
furnished  with  an  iodia-rubU'r  tube  and  mouth -piece;  a  small  glass  jar  (D)  in 
which  the  dilution  of  the  blood  ia  performed ;  a  glaas  stirrer  (E)  for  mixing 
the  blood  thoroughly,  (F)  a  needle,  the  length  of  which  can  l>e  regulated  by  a 
screw ;  a  brass  stage  plate  (c)  carrying  a  glass  slide,  un  which  is  a  cell  one- 
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fifth  of  a  milliniotTe  deep,  aud  tlie  Wttom  of  which  ia  divided  into  one- tenth 
millimetre  squares.  On  the  top  of  the  fell  rests  the  cover-glass,  which  is  kept 
in  its  place  by  the  pretiaiire  of  two  springs  prtx'eedinjej  from  the  stage  plate.  A 
standard  saline  stdution  of  soilium  suljdjate,  <pr  wiuiilar  sail,  of  gpecific  gravity 
1025,  is  made,  and  9d5  ciihic  mi  Hi  metres  are  measured  by  means  of  the  pipett6 
into  the  glass  jar,  and  with  this  live  cul*ic  millimetres  of  hlood,  ohtained  by 
pricking  the  finger  with  a  net-dle,  and  measured  in  the  capillary  pipette  (B) 
are  thoroughly  mixed  hy  the  glass  stirring-rod.  A  drop  of  this  diluted  blmid 
is  then  placed  in  the  cell  aud  covered  with  a  cover-glass,  which  in  fixed  in 
position  hy  means  of  the  two  lateral  springs.  Tlie  layer  of  diluted  blood  be- 
tween the  slide  and  coTer-ghms  is  }  inch  thick.  The  preimration  is  then 
examined  imdt»r  a  inicnT-seope  with  a  power  of  abjut  4rjO  diameters,  and  focnssed 
until  the  lines  dividing  the  cell  JDt<»  squares  are  visible. 


Fig.  180,— HflBmiicyt^jmeter.    CGowers,) 

After  a  short  delay,  t!ie  rc*l  corpuftcles  which  have  sunk  to  the  bottom  of 
the  c<dl,  and  are  resting  on  the  squarea,  are  counted  in  ten  squares,  and  the 
number  of  white  cori>uscles  noted.  By  adding  t*>getber  the  nuin tiers  counted 
in  ten  (one-tenth  millimetre)  s<|uares,  and*  as  the  blood  has  been  diluted,  mul- 
tiplying hy  ten  thousand,  the  number  of  corpuscles  in  one  cubic  millimetre  of 
blood  is  obtaineil,  Tlie  average  numlierof  cuqiuscles  per  each  cubic  millimetre 
of  healthy  blood,  according  to  Vierordt  and  Welcker.  is  5,000.0U0  in  adidt 
men,  and  4.500,000  in  women, 

A  hemacytometer  of  another  form,  and  one  that  is  much  used  at  the  present 
time,  IB  known  as  the  Thoma- Zeiss  lia'macytoiueter.  It  consists  of  a  carefully 
graduated  pipette,  in  which  the  dilution  of  the  blood  is  done  :  this  is  so  formed 
that  the  capillar^'  stem  has  a  capacity  equalling  one-hmidredtli  of  the  ball 
above  it.  If  the  blwxl  is  drawn  up  in  the  capillary  tube  to  the  line  marke<l  1 
(fig,  132)  the  saline  solution  may  after^vard  be  drawn  up  the  stem  to  the  line 
101  ;  in  this  way  we  have  1(H  parts  of  which  the  libn^i  forms  1.  As  the  con- 
tents of  the  stem  can  be  displaced  un mixed  we  shall  have   in  the  mixture  the 
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oper  dilutioD.  The  blood  and  the  Baline  solution  are  well  mixed  by  shaking 
the  pipette,  in  thp  hall  of  which  is  tonUirineil  a  amaU  glass  bead  for  the  pur- 
pose of  aiding  the  mixicg.  Tho  other  fwirt  of  the  iostrument  eonsiste  of  a 
glw  slide  (tig»  131)  ujxm  wIhcIi  it*  moiuitud  a  covered  diBc,  m,  accurately  ruled 
00  «a  to  present  one  squai'e  millimetre  divided  into  400  squares  of  one- twentieth 


k'ifi.  I  ij.    Thi^Liui  Z«  Uf»  llipmacytoineter^ 


I 
I 
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of  a  mi  Hi  metre  each.  Tlje  micn»meter  thus  made  ie  surroimded  by  another 
amtuhir  cell,  c,  which  hfm  mivh  a  height  as  to  make  the  cell  |>roject  exactly 
ooe-tentli  millimetre  beyuud  m.  If  a  drop  of  the  diluted  hlixnl  l>e  placed  iii>on 
m^  and  c  Im*  covered  with  a  fierfectly  flat  coverglasa,  tlte  volume  of  tliedilutt^ 
blood  above  each  of  tiie  nutmreH  of  the  micrometer,  i\f, ,  above  each  j^y,  will 
b®  tAu  ^^  ^  cubic  millimetre.  An  average  of  ten  or  more 
squares  are  then  taken,  ami  this  numl^er  multiplied  by  4CKM)X  1*>U 
gives  the  number  of  corpuscles  in  a  cubic  millimetre  of  un- 
diluted blood. 


Chemical  Composition  of  the  Blood. 

Before  considering  the  chemieal  eoniiiosition  of  the 
blood  aa  a  whole,  it  will  be  convenient  to  take  in  order 
the  composition  of  the  various  chief  factors  which  have 
been  set  out  in  the  table  on  p.  120,  into  which  the  blood 
may  be  separated,  viz.: — {!.)  The  I^ianma  ;  (2.)  The 
Serum  ;  (3.)   Tlte  CnrpuHrhs  ;  (4,)    The  Fihrin. 

(1.)  The  Plasma. — The  Plasma,  or  liquid  part  of 
the  blood,  in  which  the  corpuscles  float,  may  be  ob- 
tained free  from  colored  corpuscles  in  either  of  the  ways 
mentioned  below. 

In  it  are  the  fibrin  factors,  inasmuch  as  when  ex- 
posed to  the  ordinary  temperature  of  the  air  it  under- 
goes coagulation  and  splits  up  into  fibrin  and  serum. 
It  differs  from  the  serum  in  containing  fibrinogen,  but 
in  appearance  and  in  reaction  it  closely  resembles  tliat 
flnid;  its  alkalinity,  however,  is  less  than  that  of  the 
serum  obtained  from  it.  It  may  be  freed  from  white  corpuscles  by  filtra- 
tion at  a  temperature  below  5"^  C.  (41*^  F.)  or  by  the  centrifugal  machine. 

The  ehief  methods  of  obtaining  plasma  free  from  corpuscles  may  be  here 
epitomized:  (1)  by  cold,  the  temperature  should  be  aboul  0'  O.  and  may  be 
two  or  three  degrees  higher,  but  not  lower.  (3)  Tlie  addition  of  neutral  salt;^, 
in  certain  proportions,  either  aolid  or  in  solution,  e.g.  of  sodiujn  sulphate,  if 
9oUd  1  part  to  13  parts  of  blood ;  if  a  satunited  solutiou  1  part  to  «  i>arts  of 
blood  ;  of  magnesium  Bulphate.  of  a  23^,  ur  if  saturated  wdution  1  imrt  to  4  of 
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blood.  (8)  A  third  way  is  to  mix  frog's  blood  with  an  equal  part  of  a  5j^  of 
cane  sugar,  and  to  get  rid  of  the  corpuscles  by  filtration ;  or  (4)  by  the  injec- 
tion of  commercial  peptone  into  the  veins  of  certain  mammals,  previous  to 
bleeding  them  to  death,  allowing  the  corpuscles  to  subside,  and  afterward 
subjecting  the  supernatant  plasma  to  the  action  of  a  centrifugal  machine ;  by 


Fig.  183.— Flan  and  itectlon  of  centrifugal  machine,  a.  An  iron  socket  secured  to  top  of  table  b; 
o,  a  steel  spindle  carrying  the  turntable  d,  and  turning  freely  in  a  ;  b,  a  flange  round  nimtable  d: 
r  r,  shallow  grooves  on  face  of  d,  in  which  the  test  tuboi  are  fixed  by  clamp^  o  o;  h,  a  pulley  fixed 
to  end  of  spindle  c,  and  turned  by  the  cord  k;  1 1  are  two  guide-pulleys  for  cord  k.    (Qamgee.) 


the  rapid  rotation  of  which  (fig.  188)  the  whole  of  the  remaining  solid  parti- 
cles, if  any,  is  driven  to  the  outer  end  of  the  test-tubes  in  which  the  plaeuia  is 
placed. 

Composition  of  Plasma. 

Water 902.9 

Solids— 

Proteids: 

1.  Yield  of  fibrin        ....  4.05 

2.  Other  proteids 78.84 

Extractives  of  fat 5.66 

Inorganic  salts 8  5 

97.1 

1000 
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Salts  of  the  plasma,— in  ICMD  parts  of  plasma  there  are  t— 

S«idiuni  chloride 5.540 

S<Mla       .,..,..,.       i.m 

Sixirum  pbtisphat** *Tl 

Potassium  cbltiricle  ..♦,..  8,">il 

*  Bul[ihutti  .         .         .         ,         .       .281 

Cidciiiii]  pbcisplint-e 2^8 

Magnesiiini  phospliate 318 

8.1505 


-The 


the  liquid  part  of  the  blood  or  of 


I 


(2.)  The  Serum,— The  serum 
the  plasma  which  romains  after  the  separtitioo  of  the  clot.  It  is  a  trans* 
pareut,  yellowish,  iilkidine  Ihiid,  witli  a  specific  gravity  of  from  W2b  to 
1032,  In  the  osiiul  niode  of  coagulation,  part  of  the  serum  remaiiis  in 
the  clot,  and  the  rest,  squeezed  from  the  clot  by  its  contraction,  lies 
aroand  it.  Since  the  coirtniction  of  the  clot  may  continue  for  thirty-six 
or  more  hours,  the  fjuautity  of  serum  in  the  blood  cannot  be  even 
roughly  estimated  till  this  period  has  elapsed.  There  is  nearly  as  much, 
by  weight,  of  serum  as  there  is  elot  in  coagulated  blood* 

Serum  may  be  obtained  from  Hood  corpuscles  by  allowing  blood  to 
clot  in  large  test  tubes,  and  subjecting  the  test  tubes  to  the  action  of  a 

H        centrifugal  machine  (fig.  133)  for  some  time. 

H  In  tabular  form  the  composition  may  be  thus  summarized.     In  1000 

H       parts  of  serum  *  there  are : — 


Wator 

Proteids  : 

a,  Serum- albumin        ....... 

^.  Senim-globoliu   , 

y,  Fihriu  ferm*?nt        , 

Salts. 

Fats— mcludiug  fatty  acids,  cholpsterin,  lecithin ;    and 

9ora*?  soajt?*        ......... 

Grape  su^jar  in  gmall  amount  .... 

Extract iTej* — creatin.  creatinin,  urea,  etc. 

Yellow  pigTJient,  wbich  is  indeiJendent  of  ha?mQglohin. 

GaseH — small  amounts  of  oxygen,  nitrogeu,  and  carbonic 

acid 


about  OOO 


80 


20 


1(MX> 


a.  Water* — The  water  of  the  serum  varies  in  amount  according  to 
the  amount  of  food,  drink,  and  exercise,  and  with  many  other  circnm- 
stances. 

b.  Prof  fid  A, — fK  Serum  albumin  is  the  chief  proteid  found  in  serum. 
The  proportion  which  it  bears  to  serum-globulin,  the  other  proteid,  is 
as  3  to  4.5  in  human  blood, 

Serum-albnmin  has  been  shown  by  Halliburton  to  be  a  compound 
body    which  may  be  called  serine,  made  up  of  three  proteids,  which 

*Thi&  table  is  mor<*  detailed  than  that  of  the  plasma  given  above.  The 
salta.  extractives,  etc..  are  tbt*  same  in  both  senim and  plasnia,  but  the  proteids 
are  somewliat  different  in  nature  and  amount. 
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coagulate  at  difEerent  temperatures,  a  at  73°  C,  p  at  77°  C,  and  r  a*  84° 
C.  The  serine  is  coagulated  by  the  addition  of  strong  acids,  such  as 
nitric  and  hydrochloric;  by  long  contact  with  alcohol  it  is  precipitated. 
It  is  not  precipitated  on  addition  of  ether,  and  so  differs  from  the  other 
native  albumin,  viz.,  e^^-albumin.  When  dried  at  40°  C.  (104°  F.) 
serum-albumin  is  a  brittle,  yellowish  substance,  soluble  in  water,  pos- 
sessing a  laevorotary  power  of  —  56°.  It  is  with  great  difficulty  freed 
from  its  salts.  It  is  precipitated  by  solutions  of  metallic  salts,  e.g.y  of 
mercuric  chloride,  copper  sulphate,  lead  acetate,  sodium  tungstate,  etc. 
If  dried  at  a  temperature  over  75°  C.  (167°  F.),  the  chief  part  of  the 
residue  is  insoluble  in  water,  having  been  changed  into  coagulated  pro- 
teid.  Serum-albumin  may  be  precipitated  from  serum,  from  which  the 
serum-globulin  has  been  previously  separated  by  saturation  with  mag- 
nesium sulphate,  by  further  saturation  with  sodium  sulphate,  sodium 
nitrate,  or  iodide  of  potassium. 

p.  Serum-globulin  can  be  obtained  as  a  white  precipitate  from  cold 
serum  by  adding  a  considerable  excess  of  water  over  ten  times  its  bulk, 
and  passing  through  the  mixture  a  current  of  carbonic  acid  gas  or  by 
the  cautious  addition  of  dilute  acetic  acid.  It  can  also  be  obtained  by 
saturating  serum  with  either  crystallized  magnesium  sulphate,  or  sodium 
chloride,  nitrate,  acetate,  or  carbonate.  When  obtained  in  the  latter 
way,  precipitation  seems  to  be  much  more  complete  than  by  means  of 
the  former  method.  Serum-globulin  coagulates  at  75°  C.  (167°  F.). 
There  seems  to  be  more  globulin  in  the  serum  than  in  the  corresponding 
plasma,  and  supposing  Halliburton  is  correct  in  believing  the  fibrin  fer- 
ment to  belong  to  the  globulin  class,  its  presence  arising  from  the  dis- 
integration of  the  colorless  corpuscles  (cell-globulin)  would  account  for 
part  of  the  increase,  while  possibly  another  part  might  be  due,  as  sug- 
gested by  Hammersten,  to  the  fact  that  fibrinogen  splits  up  into  fibrin, 
leaving  a  globulin  residue  which  appears  in  the  serum. 

c.  The  salts  of  sodium  predominate  in  serum  as  in  plasma,  and  of 
these  the  chloride  generally  forms  by  far  the  largest  proportion, 

d.  Fats  are  present  partly  as  fatty  acids  and  partly  emulsified.  The 
fats  are  tri-olein,  tri-stearin,  and  trt-palmitin.  The  amount  of  fatty 
matter  varies  according  to  the  time  after,  and  the  ingredients  of,  a 
meal.     Of  cholesterin  and  lecithin  there  are  mere  traces. 

e.  Grape  sugar  is  found  principally  in  the  blood  of  the  hepatic  vein, 
to  the  extent  of  about  two  parts  in  a  thousand. 

f .  The  extractives  \2kTy  from  time  to  time ;  sometimes  uric  and  hip- 
puric  acids  are  found  in  addition  to  urea,  creatin  and  creatinin.  Urea 
exists  in  proportion  from  .02  to  .04  per  cent. 

g.  The  yellow  pigment  of  the  serum  and  the  odorous  matter  which 
gives  the  blood  of  each  particular  animal  a  peculiar  smell,  have  not  yet 
been  exactly  differentiated.     The  former  is  probably  of  the  nature  of  a 
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^1  llpocbrome,  and  might  be  caUed  serum  lutein.  It  is  golable  in  alcohol 
H  and  ether,  and  has  two  hazy  absorption  bands  toward  the  violet  end  of 
H      the  spectrum. 

W  (3.)  The  Corpuscles. — a.  Colored. — Analysis  of  a  thonsand  parta 

of  moist  blood  corpuscles  shows  the  following  result:— 

Water  .........  688 

Solids^ 

Organ  it'  .         ,         .         .  303.88  i 

Mineral 8.12— 312=t000 

Of  the  solids  the  most  important  is  HmmogMnn^  the  substance  to 
which  the  blood  owes  its  colon  It  constitutes,  as  will  be  seen  from  the 
appended  Table,  more  than  90  per  cent  of  the  organic  matter  of  the 
corpuscles.  Besides  haemoglobin  there  are  proteid  and  fatty  matters^ 
the  former  chiefly  consisting  of  ghbulins^  and  the  latter  of  cholestertn 
and  Itcithin. 

In  1000  parts  organic  mutter  are  found: —  I 

Hjpinof^lobin   ,         ,         .  ,         .         .         .     005.4 

Proteids H6.7 

FatH .         ,         7.9=1000 

Of  the  imrganic  salts  of  the  corpuscles,  with  the  iron  omitted — 
In  1000  parts  corpuscles  (Schmidt)  are  found : — 

PPntasmum  Chlnnde 3,079 
Ptttasftium  Pfumphate  ......  2AUH 
P<pta8.siuni  sulphate  .  .  .  .  ,  .  .  .  l.*Ji3 
S4>tliiim  ,  . .ti33 
C^k'iuiii  . .  .004 
Maijnesiutn .060  i 

Scxia 341=7.282 
The  properties  of  ha&moglobin  will  be  considered  in  relation  to  the 
uases  of  the  blood. 

b.  Colorless, — The  corpuscles  may  be  said  also  to  contain  fibrinogen, 
paraglobulin,  and  fibrin- ferment.  In  consequence  of  the  difficulty  of 
obtaining  colorless  corpuscles  in  sufficient  number  to  make  an  analysis, 
little  is  accurately  known  of  their  chemical  compoailion;  in  all  proba- 
bility, however,  the  stroma  of  the  corpuscles  is  made  up  of  proteid  mat- 
ter, and  the  nucleus  of  niir/eht,  a  nitrogenous  phosphorus-containing 
body  akin  to  mncin^  capable  of  resisting  the  action  of  the  gastric  Juice, 
The  proteid  matter,  chiefly  globulins  soluble  in  a  ten  per  cent  solution 
of  sodium  chloride,  the  solution  being  precipitated  on  the  addition  of 
I  water,  by  heat  and  by  the  mineral  acids.     The  stroma  contMnsfafh/ 

B  granules,  and  in  it  also  the  presence  of  gbjmgen  has  been  demonstnited, 
H  The  salts  of  the  corpuscles  are  chiefly  of  j/ofnssium,  and  of  these  the 
^m     phosphate  is  in  greatest  amount* 

H  (4.)  Fibrin. —The  part  played  by  fibrin  in  the  formation  of  a  clot 

and  its  tests  have  been  already  described,  and  it  is  only  necessary  to 
consider  here  its  general  properties.     It  is  a  stringy  ehistic  substance 
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belonging  to  the  proteid  class  of  bodies.  Blood  contains  only  .2  per 
cent  of  fibrin.  It  can  be  converted  by  the  gastric  or  pancreatic  juice 
into  peptone.  It  possesses  the  power  of  liberating  the  oxygci.  from 
solutions  of  hydric  peroxide  H202  or  ozonic  ether.  This  may  be  shown 
by  dipping  a  few  shreds  of  fibrin  in  tincture  of  guaiacum^  and  then 
immersing  them  in  a  solution  of  hydric  peroxide.  The  fibrin  becomes 
of  a  bluish  color,  from  its  having  liberated  from  the  solution  oxygen, 
which  oxidizes  the  resin  of  guaiacum  contained  in  the  tincture,  and 
thus  produces  the  coloration. 

The  Gases  of  the  Blood. 

The  gases  contained  in  the  blood  are  carbonic  acid,  oxygen,  and  ni- 
trogen, 100  volumes  of  blood  containing  from  50  to  60  volumes  of  these 
gases  collectively. 

Arterial  blood  contains  relatively  more  oxygen  and  less  carbonic  acid 
than  venous.  But  the  absolute  quantity  of  carbonic  acid  is  in  both 
kinds  of  blood  greater  than  that  of  the  oxygen. 

Oxygen,  Carbonic  Add.         Nitrogen. 

Arterial  Blood  20  vol.  per  cent.      39  vol.  per  cent.       1  to  2  vols. 

Venous 

(from  muscles  at  rest)      8tol2"  "  46"  "  lto2  vols. 

The  Extraction  of  the  Oases  from  the  Blood.— Ab  the  ordinary  air-pimips  are 
not  sufficiently  powerful  for  the  purpose,  the  extraction  of  the  gases  from  the 
blood  is  accomplished  by  means  of  a  mercurial  air-pump,  of  which  there  are 
many  varieties,  those  of  Ludwig,  Alvergnidt,  Geissler,  and  Sprengel  being  the 
chief.  The  principle  of  action  in  all  is  much  the  same.  Ludwig's  pump, 
which  may  be  taken  as  a  type,  is  represented  in  fig.  184.  It  consists  of  two 
fixed  glass  globes,  C  and  F,  the  upper  one  communicating  by  means  of  the 
stop-cock  D,  and  a  stout  india-rubber  tube  with  another  glass  globe,  L,  which 
can  be  raised  or  lowered  by  means  of  a  pulley ;  it  also  commimicates  by  means 
of  a  stop- cock,  B,  and  a  bent  glass  tube.  A,  with  a  gas  receiver  (not  repre- 
sented in  the  figure) ,  A,  dipping  into  a  bowl  of  mercury,  so  that  the  gas  may 
be  received  over  mercury.  The  lower  globe,  F,  communicates  with  C  by 
means  of  the  stop-cock,  Ey  with  I  in  which  the  blood  is  contained  by  the  stop- 
cock, Of  and  with  a  movable  glass  globe,  Jlf,  similar  to  L,  by  means  of  the 
stopcock,  H,  and  the  stout  india-rubber  tube,  K. 

In  order  to  work  the  pump,  L  and  M  are  filled  with  mercury,  the  blood  from 
which  the  gases  are  to  be  extracted  is  placed  in  the  bulb  /,  the  stopcocks,  H, 
E,  A  and  B,  being  open,  and  O  closed.  M  is  raised  by  means  of  the  pulley 
until  F  is  full  of  mercury,  and  the  air  is  driven  out.  E  is  then  closed,  and 
L  is  raised  so  that  C  becomes  full  of  mercury,  and  the  air  driven  off.  B  is 
then  closed.  On  lowering  L  the  mercury  runs  into  it  from  C,  and  a  vacuum 
is  established  in  C.  On  opening  E  and  lowering  M,  a  vacuum  is  similarly 
established  in  F;  if  (?  be  now  opened,  the  blood  in  /will  enter  ebullition,  and 
the  gases  will  pass  off  into  F  and  C,  and  on  raising  M  and  then  L,  the  stopcock 
B  being  opened,  the  gas  is  driven  through  A,  and  is  received  into  the  receiver 
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aereuiy.     By  repeating  the  experiinent  several  times  the  whole  of  ihe 
the  specimen  of  blood  is  obtained,  and  may  be  estimated. 


A.  The  Oxygen  of  the  Blood,— It  has  been  found 
email  proportioo  of  the  oxygen  which  can  be  obtained,  by  tl 
mercurial  pump  from  the  blood,  exists  in  a 
state  of  simple  solution  in  the  plasma.  If 
the  gas  were  in  simple  solution^  the  amount 
of  oxygen  in  any  given  quantity  of  blood, 
expofied  to  any  given  atmosphere,  ought  to 
vary  with  the  amount  of  oxygen  contained  in 
the  atmosphere.  Since,  speaking  generally, 
the  amount  of  any  gas  absorbed  by  a  liquid 
such  as  plasma  would  depend  upon  the  pro- 
portion of  the  gas  in  the  atmosphere  to 
which  the  liquid  is  exposed^ — if  the  propor- 
tion is  great,  the  absorption  will  be  great;  if 
imall,  the  absorption  will  be  similarly  small. 
The  absorption  continues  until  the  propor- 
tions of  the  gas  in  the  liquid  a^id  in  the  at- 
mosphere are  equal  Other  things  w^ill,  of 
course,  influence  the  absorption,  sych  as  the 
nature  of  the  gas  employed,  the  jtaiure  of 
ihe  liquid  and  the  temperalure,  but  cwierts 
pnribuif,  the  amount  of  a  gas  which  a  liquid 
absorbs  depends  upon  the  proportion  —  the 
so-called  partial  pressure — of  the  gas  in 
the  atmosphere  to  which  the  liquid  ia  sub- 
jected. And  eonvorsely,  if  a  liquid  contain- 
ing a  gas  in  solution  be  exposed  to  an  atmo- 
sphere containing  none  of  the  gas,  the  gas 
wOl  be  given  up  to  ihe  atmosphere  until  the 
amount  in  the  liquid  and  in  the  atmosphere  becomes  equal.  This  con- 
dition is  called  a  condifioft  of  equal  tefmoua. 

The  coDdition  may  l>e  uoderstocxi  by  a  simple  ilhiBtration*  A  large  amount 
of  carbonic  acid  gas  is  dissolved  in  a  bottle  of  water  by  exposing  the  liquid  to 
extreme  preefure  of  the  f^aa,  and  a  uork  is  placed  in  the  bottle  and  wired  down. 
The  gas  exists  in  the  water  in-  a  condition  of  ti^nsion.  and  therefore  exhibits 
a  tendency  to  escape  into  the  atmosphere,  in  order  to  relieve  the  tension  ;  this 
produces  the  violent  expulaion  of  the  cork  when  the  wire  is  removed,  and  if 
the  aerated  water  m  placed  in  a  glass  the  gas  will  continue  to  be  evolved  until 
it  has  almost  entirely  pas&ed  into  the  atmosphere,  and  the  tension  of  the  gas 
in  the  water  approximates  to  that  of  the  atmosphere,  in  which,  it  should  be 
remembered,  the  carbon  dioxide  is,  naturally,  in  very  small  amount,  viz.. 
,04  per  rent. 


Pump. 
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The  oxygen  of  the  blood  does  not  obey  this  law  of  pressure.  For  if 
blood  which  contains  little  or  no  oxygen  be  exposed  to  a  succession  of 
atmospheres  containing  more  and  more  of  that  gas,  we  find  that  the 
absorption  is  at  first  very  great,  but  soon  becomes  relatively  very  small, 
not  being  therefore  regularly  in  proportion  to  the  increased  amount  (or 
tension)  of  the  oxygen  of  the  atmospheres,  and  that  conversely,  if  arte- 
rial blood  be  submitted  to  regularly  diminishing  pressures  of  oxygen,  at 
first  very  little  of  the  contained  oxygen  is  given  off  to  the  atmosphere, 
then  suddenly  the  gas  escapes  with  great  rapidity,  and  again  disobeys 
the  law  of  pressures. 

Very  little  oxygen  can  be  obtained  from  plasma  freed  from  blood 
corpuscles,  even  by  the  strongest  mercurial  air-pump,  neither  can  it  be 
made  to  absorb  a  large  quantity  of  that  gas;  but  the  small  quantity 
which  is  so  given  up  or  so  absorbed  follows  the  laws  of  absorption  ac- 
cording to  pressure. 

It  must  be,  therefore,  evident  that  the  chief  part  of  the  oxygen  is 
contained  in  the  corpuscles,  and  not  in  a  state  of  simple  solution.  The 
chief  solid  constituent  of  the  colored  corpuscles  is  hmmoglobin,  which 
constitutes  more  than  90  per  cent  of  their  bulk.  This  body  has  a  very 
remarkable  affinity  for  oxygen,  absorbing  it  to  a  very  definite  extent 
under  favorable  circumstances,  and  giving  it  up  when  subjected  to  the 
action  of  reducing  agents,  or  to  a  sufficiently  low  oxygen  pressure.  Prom 
these  facts  it  is  inferred  that  the  oxygen  of  the  blood  is  combined  with 
hcemogloHn,  and  not  simply  dissolved;  but  inasmuch  as  it  is  compara- 
tively easy  to  cause  the  haemoglobin  to  give  up  its  oxygen,  it  is  believed 
that  the  oxygen  is  but  loosely  combined  with  the  substance. 

Haemoglobin. — Haemoglobin  is  a  crystallizable  body  which  consti- 
tutes by  far  the  largest  portion  of  the  colored  corpuscles.  It  is  intimately 
distributed  throughout  their  stroma,  and  must  be  dissolved  out  before 
it  will  undergo  crystallization.  Its  percentage  composition  is  C.  53.85; 
H.  7.32;  N.  16.17;  0.  21.84;  S.  .63;  Fe.  .42;  and  if  the  molecule  be 
supposed  to  contain  one  atom  of  iron  the  formula  would  be  Ceoo,  Hmo, 
Ni54,  Fe  Ss  Oi79.  The  most  interesting  of  the  properties  of  haemoglobin 
are  its  powers  of  crystallizing  and  its  attraction  for  oxygen  and  other 


Crystals, — The  haemoglobin  of  the  blood  of  various  animals  possesses 
the  power  of  crystallizing  to  very  different  extents  (haemoglobin).  In 
some  animals  the  formation  of  crystals  is  almost  spontaneous,  whereas 
in  others  it  takes  place  either  with  great  difficulty  or  not  at  all.  Among 
the  animals  whose  blood  coloring-matter  crystallizes  most  readily  are 
the  guinea-pig,  rat,  squirrel,  and  dog;  and  in  these  cases  to  obtain 
crystals  it  is  generally  sufficient  to  dilute  a  drop  of  recently-drawn  blood 
with  water  and  to  expose  it  for  a  few  minutes  to  the  air.  Light  seems 
to  favor  the  formation  of  the  crystals.     In  many  instances  other  means 
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must  be  adopted,  e.g.,  the  addition  of  alcohol,  ether,  or  chloroform,  rtipid 

freezing,  and  then  thawing,  an  electric  current,  a  tempemture  of  60^  C, 

(140^  F.),  the  addition  of  sodium  sulphate,  or  the  addition  of  decern- 
ing serum  of  another  animal. 
The  haemoglobin  of  human  blood  crystallizes  with  difficulty,  as  does 

that  of  the  ox,  the  pig,  the  sheep,  and  the  rabbit. 
The  forms  of  hemoglobin  crystals,  as  will  be  seen  from  the  appended 

figures,  differ  greatly. 

Hemoglobin  crystals  are  soluble  in  water.     Both  the  crystals  them- 

eelTea  and  also  their  solutions  have  the  characteristic  color  of  arterial 

blood. 

A  dilute  solution  of  oxy-haBmoglobin  gives  a  characteristic  appear- 

ance  with  the  spectroscope.     Two  absorption  bands  are  seen  between 
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Fig.  186.— CrystAlA  of  oxv-hffimofflobtD^prtetnjitic,  from  biitnaii  bUxnl. 

Fig.  135,— OxyhaeijiogloDlii  cryBtkb—tetraliedral,  from  bl*«xlof  tht-  jifuinea^pig. 

the  solar  lines  d  (which  is  the  sodium  band  in  the  yellow)  and  E  (see 
plate),  one  in  the  yellow,  with  its  middle  line  some  little  way  to  the  right 
of  D,  is  very  intense,  but  narrower  than  the  other,  which  lies  in  the 
green  near  to  the  left  of  e.  Each  biind  is  darkest  in  the  middle  and 
fades  away  at  the  sides.  As  the  strength  of  the  solution  increases  the 
bands  become  broader  and  deeper,  and  both  the  red  and  the  blue  ends 
of  the  6})6ctrum  become  encroached  npon  until  the  bands  coalesce  to 
form  one  very  broad  bund,  and  only  a  slight  amonnt  of  the  green  re- 
mains  unabsorbed,  and  part  of  the  red;  on  still  further  increase  of 
strength  the  former  disappears. 

If  the  crystals  of  oxy-htemoglobin  be  subjected  to  a  mercuriiil  air- 
pump  they  give  off  a  definite  amount  of  oxygen  (1  gramme  giving  off 
1*59  com.  of  oyxgen),  and  they  become  of  a  purple  color;  and  a  solution 
of  oxy-hffimoglobin  may  bo  made  to  give  up  oxygen,  and  to  become  pur- 
ple in  a  similar  manner. 

lO 
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This  change  may  be  also  effected  bj  passing  through  the  solution  of 
blood  or  of  oxy-hjemoglobin,  hydrogen  or  nitrogen  gns^  or  by  the  action 
of  reducing  agents,  of  which  Stokes's  fluid  *  or  ammonium  sulphide  are 
the  mopt  convenient. 

With  the  spectroscope,  a  solution  of  deoxidized  or  red  need  htrmofflobin 
is  found  to  give  an  entirely  di^erent  appearance  from  that  of  oxidized 
hemoglobin.  Instead  of  the  tiro  bands  at  D  and  e  we  find  a  single 
broader  but  fainter  band  occupying  a  position  midway  between  the  two, 
and  at  the  same  time  less  of  the  blue  end  of  the  spectrum  is  absorbed. 
Even  in  strong  solutions  this  latter  appearance  is  found,  thereby  differ- 
ing from  the  strong  solution  of  oxidized  hemoglobin  which  lets  tlirough 
only  the  red  and  oninge  rays;  accordingly  to  the  naked  eye  the  one 
(reduced  hEemoglobin  solution)  appears  purple,  the  other  (oxy-biemoglo- 
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F%.  137.— HftxaffonaJ  oTy-hB?moKiobfii  enrst^fe,  from  blood  pf  squirrel.    On  tlipse  hezagonid  platet 
prisctuitlc  urj's*«l»  Kroupccl  lu  a.  ss^li&f«  maimer  Dot  uofrequefitly  occur  taXter  Ftinke). 


bin  solution)  red.  The  deoxidized  crystals  or  their  solutions  quickl}^ 
absorb  oxygen  on  exposure  to  the  air,  becoming  scarlet.  If  solutions 
of  blood  be  taken  instead  of  solutions  of  haemoglobin,  results  similar  to 
the  whole  of  the  foregoing  can  be  obtained. 

Venous  blood  never,  except  in  the  last  stages  of  asphyxia,  fails  to 
show  the  oxy-ha^mog!obin  bands,  inasmuch  as  the  greater  part  of  the 
haemoglobin  even  in  venous  blood  exists  in  the  more  highly  oxidized  con- 
dition. 

Action  of  Gases  on  Haemoglobin.— Carkmir  oxide  gas,  passed 
through  a  solution  of  haemoglobin,  causes  it  to  assume  a  cherry-red  color, 

*  Stokes's  Fluid  consists  of  a  solution  of  fern/us  mlphate,  to  which  ammonia 
has  been  added  aud  suflicient  tartaric  acid  to  prevent  precipitation.  Another 
reducing  agent  is  a  solution  of  Htanitotm  ddon'dt\  treated  in  a  wny  similar  to 
the  ferrous  aulphate,  aLtJ  a  third  reiigent  of  like  nature  is  an  aqueous  solution 
of  yellow  mnmonium  vutjMik,  NH*  US. 
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and  to  present  a  Blightly  altered  spectrum ;  two  bands  are  at  ill  visible, 
but  are  slightly  neurer  the  blue  end  than  those  of  ox} -hEemoglobin  (see 
pbte).  The  amount  of  carbonic  oxide  taken  up  ie  equal  to  the  amount 
of  the  oxygen  displaced.  Although  the  carbonic  oxide  gaa  readily  dis- 
pUoee  oxygen,  the  reverse  is  not  the  case,  and  upon  this  property  de- 
j>end8  the  dangerous  effect  of  coal-gas  poisoning.  Coal  gas  contains 
much  carbonic  oxide,  arjd  when  breathed,  ilie  gas  combines  with  the 
haemoglobin  of  the  blood,  and  produces  a  compound  which  cannot  easily 

rednced.     This  compound  (carb-oxy-haemoglobin)  is  by  no  means  an 

fgen  carrier,  and  death  may  result  from  sulTocation  due  to  the  want 
of  oxygen  notwithstanding  the  free  entry  of  pure  air  into  the  lungs. 
Crystals  of  carbonic-oxide  hsBmoglobin  closely  resemble  those  of  oxy- 
hiemoglobin. 

j\7/ri6*  ojride  produces  a  similar  compound  to  the  carbonic-oxide 
hemoglobin,  which  is  even  less  easily  reduced, 

yUrouj^  oxitk  reduces  oxy-hipmoglobin,  and  Therefore  leaves  the  re- 
duced haemoglobin  in  a  condition  to  actively  take  up  oxygen. 

Sulphn retted  Ift/drotjen. — If  this  gas  be  passed  through  a  solution  of 
oxy-hfemoglobin,  the  haemoglobin  is  reduced  and  an  jidditional  band 
appears  in  the  red.  If  tlie  solution  be  then  shaken  with  siir,  the  two 
blinds  of  oxy- haemoglobin  repluee  that  of  reduced  hiemoglobin,  but  the 
band  in  the  red  persists. 

Methsemoglobin.— If  an  arpieoue  solution  of  oxy-hsemoglobin  is 
exposed  to  the  air  for  some  time,  its  spectrum  undergoes  a  change;  the 
two  D  and  e  bands  become  faint,  and  a  new  line  in  the  red  at  c  is  devel- 
oped. The  solution,  too,  becomes  brown  and  acid  in  reaction,  and  is  pre- 
cipitable  by  biisic  lead  acetate.  This  *^hange  is  due  to  the  decomposition 
of  oxy-hffimoglobin,  and  to  the  production  of  methwmnglobin.  On  add- 
ing ammonium  sulfihiile,  retlueed  biemoglobin  is  produced^and  on  shak- 
ing this  up  with  air,  oxy-luemoglobin  is  reproduced.  MethEemogtobin 
is  probably  a  stage  in  the  deoxidation  of  oxy-hsemoglobin.  It  appears 
to  contain  less  oxygen  than  oxy-hiemoglobin,  but  more  than  reduced 
haemoglobin.  Its  oxygen  is  in  more  stable  combination,  however,  than 
is  the  cuse  with  the  farmer  compound. 

Estimation  of  Haemoglobin,— The  most  exact  method  is  by  the 
estimation  of  the  amount  of  iron  (dry  biemoglobin  containing  .42  per 
cent  of  iron)  in  a  given  specimen  of  blood,  but  as  this  is  a  somewhat 
complicated  process,  various  methods  have  been  proposed  which,  though 
not  so  exivct,  have  the  advantage  of  simplicity.  In  Gow^er's  liseraoglobin- 
ometer,  this  consists  in  comparing  the  color  of  a  given  small  amount 
of  diluted  blood  with  glycerine  jelly  tinted  with  carmine  and  picro-car- 
mine  to  represent  a  standard  solution  of  blood  diluted  one  hundred 
times.  The  amount  of  ddution  which  the  given  blood  requires  will 
thus  approximately  represent  the  (quantity  of  hsamoglobin  it  contains. 
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But  of  the  Beveral  varieties  of  haemoglobinometer  that  which  appears  to 
be  the  beet  adapted  to  its  purpose  ia  that  id  vented  by  Professor  Fleiachl,  fl 
of  Vienna.  In  this  instrument*  the  amount  of  haemoglobin  in  a  solution 
of  blood  is  estimated  by  com|mring  a  stratuni  of  diluted  blood  with  a 
standard  solid  substance  of  uniform  tint  similar  spectroscopically  to  di-  fl 
luted  blood.  In  order  that  the  strength  of  color  in  the  standard  sub- 
stance may  be  varied,  the  red  tinted  ghiss  is  made  wedge-shaped.  This, 
which  is  called  the  comparison  wedge,  is  cemented  on  to  a  colorless 
plain  strip  of  glass,  and  is  mounted  in  a  frame  (fig.  138,  P)  made  to 
slide  in  a  V-shaped  groove,  on  the  under  surface  of  the  stage  of  the  in- 
strument.    The  comparison  wedge,  A',  is  so  placed  that  one  of  its  longi- 
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tudinal  edges  bisects  the  circular  stage-opening,  so  that  one-half  of  the 
latter  is  cut  oflf  by  the  red-tinted  wedge.  Into  the  stage-opening  fits 
a  small  circuhtr  trough,  G,  having  a  glass  bottom,  and  divided  into  equal 
compartments  by  a  thin  lamina.  One  compEirtment,  «,  is  filled  in  the 
manner  to  be  presently  indicated  with  diluted  blood,  and  the  other,  a', 
with  water;  the  trough  is  so  placed  that  the  lamina  is  in  one  plane  with 
the  edge  of  the  wedge,  the  water  compartmeut  being  above  the  wedge 
and  the  blood  compartment  above  the  free  half  of  the  stage  opening. 
By  turning  the  screw  head,  T,  the  frame,  /\  with  the  wedge,  A\  may 
be  moved  backward  and  forward  until  a  position  is  found  where  the  in- 
tensity of  the  tints  due  to  the  stmtuni  of  blood  on  the  one  hjind  and  the 
thickness  of  the  wedge  on  the  other  appears  to  bo  etpuil.  The  required 
degree  of  dilution  is  obtained  by  the  use  of  small  capillary  tubes  of  a 
capacity  varying  from  tj  to  8  cmm.  The  capillary  pipette  is  filled  with 
blood  and  is  held  over  the  Mood  compartment  and  its  contents  thor- 
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oughly  washed  out  into  that  compartment,  and  the  blood  and  water  are 
mixed  with  a  wire.  Water  ia  then  added  until  the  blood  compartment 
is  quite  full.  The  other  compartment  is  filled  with  water.  Light  is 
then  reflected  by  the  mirror,  S,  bo  as  to  ilium ioate  both  compartments. 
By  moving  K  by  means  of  the  milled  head,  T,  a  position  of  K  may  be 
found  corresponding  to  the  exact  intensity  of  the  light  passing  through 
the  two  compartments;  this  is  read  off  at  Jf  on  the  scale  P,  the  division 
of  which  corresponds  to  standard  strengths  of  sohitions  of  haemoglobin* 
Distribution  of  Haemoglobin. — Haemoglobin  occurs  not  only  in  the 
red  blood-cells  of  all  vertebrata  (except  amphioxus  and  leptoccphalus 
whose  blood-cells  are  all  colorless,)  but  also  in  similar  cells  in  many 
Worms;  moreover,  it  is  found  diffused  in  the  vascular  fluid  of  some 
other  worms  and  certain  CniBtacea;  it  also  occurs  in  all  the  striated  mus- 
cles of  Mammals  and  Birds.  It  is  generally  absent  from  unstriated 
muscle  except  that  of  the  rectum-  It  has  also  been  found  in  Mollusca 
in  certain  muscles  which  are  specially  active,  viz.,  those  which  work  the 
rasp-like  tongue. 


Derivatives  of  Haemoglobin. 

Hsematin. — By  the  action  of  heat,  or  of  aeids  or  alkalies  in  tlid 
presence  of  oxygen,  ha?moglobin  can  be  split  up  into  a  substance  called 
Hmjtiatin^  which  contains  all  the  iron  of  the  haemoglobin  from  which  it 
was  derived,  and  a  proteid  residue.  Of  the  latter  it  is  impossible  to  say 
more  than  that  it  probably  coneistg  of  one  or  more  bodies  of  the  globu- 
lin class.  If  there  be  no  oxygen  present,  instead  of  hsBmatin  a  body 
called  haemochromogen  is  produced,  which,  however,  will  speedily 
undergo  oxidation  into  hBematin. 

Haematin  is  a  dark  brownish  or  black  non-crystallizable  substance  of 
metallic  lustre.  Its  percentage  composition  is  C.  64.30;  IL  5.50;  N. 
9.06;  Fe.  8.82;  0.  12,32;  which  gives  the  formula  Ceg,  II 70,  Ng,  Fei, 
Oio  (Hoppe-Seyler).  It  is  insoluble  in  water,  alcohol,  and  ether;  solu- 
ble in  the  caustic  alkalies;  soluble  with  difficulty  in  hot  alcohol  to  which 
is  added  sulphuric  acid.  The  iron  my  be  removed  from  haematin  by 
heating  it  with  fuming  hydrochloric  acid  to  160"  C.  (320**  F,),  and  a 
new  body,  haEmatoporphyrin,  the  so-called  iron-free  haematin,  is  pro- 
duced. naematopoTphyrin  (Cea,  Htj,  Nh,  Ot^,  Hoppe-Seyler)  may  also  be 
obtained  by  adding  blood  to  strong  sulphuric  acid,  and  if  necessary 
filtering  the  fluid  through  asbestos.  It  forms  a  fine  crimson  solution, 
which  has  a  distinct  spectrum,  viz.,  a  dark  band  just  beyond  d,  and  a 
second  all  but  midway  d  and  e.  It  may  be  precipitated  from  its  acid 
solution  by  adding  water  or  by  neutralization,  and  when  redissolved 
in  alkalies  presents  four  bands,  a  pale  band  between  c  and  d,  a  second 
between  d  and  e,  nearer  D,  another  nearer  e,  and  a  fourth  occupying 
the  chief  part  of  the  space  between  b  and  f. 
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Hmmafin  in  arid  solution, — If  im  excess  of  iicetic  acid  is  added  to 
blood,  and  the  aolotion  is  boiled,  the  color  alters  to  brown  from  decom- 
position of  haemoglobin  and  the  setting  free  of  ha^matin;  by  shaking 
this  solution  with  ether,  iiBolution  of  ha? matin  in  acid  solution  is  obtained. 
The  spectrum  of  the  ethereal  solution  (colored  plate)  shows  no  less  than 
four  absorption  bands,  viz.,  one  in  the  retl  between  c  and  D,  one  faint 
and  narrow  close  to  n  and  then  two  broader  bands,  one  between  l>  and 
E,  and  another  nearly  midway  between  b  and  f.  The  first  band  is  by 
far  the  most  distinct,  and  the  acid  aqueous  sohition  of  haematin  shows 
it  plainly. 

Hmmaiin  in  alhaliiie  solvfimr, — If  a  canstie  alkali  is  added  to  blood 
and  the  solution  is  boiled,  alkaline  haematin  i?  produced,  and  the  solu- 
tion becomes  olive  green  in  color.  The  absorption  baud  of  the  new 
compound  is  in  the  red,  near  to  Dj  and  the  blue  end  of  the  spectrum  is 


^•*^ 


Fig,  140.— Hctniii  oryfitalft. 


absorbed  to  a  considerable  extent.  If  a  reducing  agent  be  added,  two 
bands  resembling  those  of  oxy-li^moglobin,  but  nearer  to  the  blue,  ap- 
pear; this  is  the  spectrum  of  reduced  kwmaiin,  or  ba&mochromogea 
On  violently  shaking  the  reduced  haematin  with  air  or  oxygen  the  two 
bands  are  replaced  by  the  single  band  of  alkaline  ha?nuitiu. 

Hsematoidin. — ^This  substance  is  found  in  the  form  of  yellowish 
crystals  (fig.  13U)  in  old  blood  extravasations  and  is  derived  from  the 
haemoglobin*  Their  crystalline  form  and  the  reaction  they  give  with 
fuming  nitric  acid  seem  to  show  them  to  be  closely  allied  to  Bifirubin, 
the  chief  coloring  mutter  of  the  bile^  and  in  composition  they  are  prob- 
ably either  identical  or  isomeric  with  it. 

Hseniin.^ — One  of  the  most  important  derivatives  of  ha? matin  is 
hffimin.  It  is  usually  chilled  Hifdroehhrnie  af  Hfpjnatin  (or  hydrochlor- 
ide), but  its  exact  chemical  composition  is  uncertain.  Its  formula  is 
said  to  be  Q^^,  H70,  Ns,  Fe-i,  Om,  2  Ilch  and  it  contains  5.18  per  cent  of 
chlorine,  bnt  by  some  it  is  looked  upon  as  simply  crystallized  haematin. 
Although  difficult  to  obtain  in  bulk,  a  specimen  may  be  easily  made  for 
the  microscope  in  the  following  way:— A  small  drop  of  dried  blood  is 
finely  powdered  with  a  few  crystals  of  common  salt  on  a  glass  slide  and 
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spread  out;  a  cover  glass  is  then  placed  upon  it,  and  glacitil  acetic  acid 
added  by  means  of  a  capillary  pipt^tto.  The  blood  at  once  tunis  of  a 
brownish  color.  The  slide  is  then  heated,  and  the  acid  mixture  evapo- 
mted  to  dryness  at  a  high  temperature.  The  excess  of  salt  is  washed 
away  with  water  from  the  dried  residue,  and  the  specimen  may  then  be 
dried  and  mounted.  A  large  number  of  snudi,  dark,  reddish  hlaek  crys- 
tals of  a  rhombic  shape,  sometimes  arranged  in  bundles,  will  be  seen  if 
the  slide  be  subjected  to  microscopic  examination  (^g.  HO), 

The  formation  of  these  btemin  crystals  is  of  great  interest  and  im- 
portance from  a  medico-legal  point  of  view,  as  it  constitutes  the  most 
certain  and  deliciite  test  we  have  for  the  presence  of  blood  (not  of  ne- 
cesdity  the  blood  of  man)  in  a  stain  on  clothes,  etc.  It  exceeds  in  deli- 
cacy even  the  spectroscopic  test.  Compounds  similar  in  composition  to 
hsemin>  but  containing  hydrobromic  or  hydriodic  acid,  instead  of  hydro- 
chloric, may  be  also  readily  obtained. 

B,  The  Carbon  Dioxide  Gas  in  the  Blood,— Of  this  gas  in  the 
blood  part  exists  in  a  state  of  simple  solution  in  the  plasma,  and  is  given 
up  in  vacuo  (35.2  per  cent),  and  the  rest  in  a  state  of  weak  chemical 
combinatiom  It  is  believed  that  the  latter  is  combined  with  the  sodium 
carbonate  in  a  condition  of  bicarbonate*  and  is  not  given  up  until  an  acid 
is  added  to  the  plasma  or  serum.  Some  observers  consider  that  part  of 
the  gas  is  associated  with  the  corpugcles,     (See  also  under  liespinition.) 

C,  The  Nitrogen  in  the  Blood. — The  whole  of  the  small  quantity 
of  the  nitrogen  contained  in  the  blood  is  simply  dissolved  in  the  fluid 
plasma. 

Chemical  Composition  of  the  Blood  in  Bulk.— Analyses  of  the 
blood  jis  a  whole  differ  slightly,  hut  the  following  table  may  be  ttiken  to 
represent  the  average  composition : 

Water 784 

Solids- 
Corpuscles        ISO 

Prut^ida  (of  serum) 70 

FibriD  (of  clot)        , 2. 3 

Fatty  Qiattera  (of  Rerum)    ♦         »         ,         ,  1.4 

luorgauic  !salt«  (of  »eniin)      ,         .         .         .         (J 
Gases,  kreatin,  urea    and    other   extractive     [    ^  m___ 
matter,  glucose  and  ^ccideutai  substances      t 
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Variations  in  the  Composition  of  healthy  Blood. 

The  conditions  which  appear  most  to  iiifluenee  the  composition  of 
the  blood  in  health  are  these:  Sex,  Pregnancy,  Age,  and  Temperament* 
The  composition  of  the  Mood  is  also,  of  course,  much  inlluenced  by  diet. 

1.  Sax, — The  blood  of  men  differs  from  that  of  women,  chiefly  in 
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being  of  somewhat  higher  specific  gravity,  from  its  containing  a  relatively 
larger  quantity  of  red  corpuscles. 

2.  Pregnancy, — The  blood  of  pregnant  women  is  rather  lower  than 
the  average  specific  gravity,  from  deficiency  of  colored  corpuscles.  The 
quantity  of  the  colorless  corpuscles,  on  the  other  hand,  and  of  fibrin,  is 
increased. 

3.  Age. — The  blood  of  the  foetus  is  very  rich  in  solid  matter,  and 
especially  in  colored  corpuscles;  and  this  condition,  gradually  diminish- 
ing, continues  for  some  weeks  after  birth.  The  quantity  of  solid  matter 
then  falls  during  childhood  below  the  average,  rises  during  adult  life, 
and  in  old  age  falls  again. 

4.  Temperament , — There  appears  to  be  a  relatively  larger  quantity  of 
solid  matter,  and  particularly  of  colored  corpuscles,  in  those  of  a  plethoric 
or  sanguineous  temperament. 

5.  Diet, — Such  differences  in  the  composition  of  the  blood  as  are  due 
to  the  temporary  presence  of  various  matters  absorbed  with  the  food  and 
drink,  as  well  as  the  more  lasting  changes  which  must  result  from  gen- 
erous or  poor  diet  respectively,  need  be  here  only  referred  to. 

6.  Effects  of  Bleeding. — The  result  of  bleeding  is  to  diminish  the 
specific  gravity  of  the  blood;  and  so  quickly,  that  in  a  single  venesection, 
the  portion  of  blood  last  drawn  has  often  a  less  specific  gravity  than  that 
of  the  blood  that  flowed  first.  This  is,  of  course,  due  to  absorption  of 
fluid  from  the  tissues  of  the  body.  The  physiological  import  of  this 
fact,  namely,  the  instant  absorption  of  liquid  from  the  tissues,  is  the 
same  as  that  of  the  intense  thirst  which  is  so  common  after  either  loss 
of  blood,  or  the  abstraction  from  it  of  watery  fluid,  as  in  cholera,  dia- 
betes, and  the  like. 

For  some  little  time  after  bleeding  the  want  of  colored  corpuscles  is 
well  marked,  but  with  this  exception,  no  considerable  alteration  seems 
to  be  produced  in  the  composition  of  the  blood  for  more  than  a  very 
short  time;  the  loss  of  the  other  constituents,  including  the  colorless 
corpuscles,  being  very  quickly  repaired. 

Variations  in  different  parts  of  tJie  Body. — The  composition  of  the 
blood,  as  might  be  expected,  is  found  to  vary  in  different  parts  of  the 
body.  Thus  arterial  blood  differs  from  venous;  and  although  its  com- 
position and  general  characters  are  uniform  throughout  the  whole  course 
of  the  systemic  arteries,  they  are  not  so  throughout  the  venous  system 
— the  blood  contained  in  some  veins  differing  remarkably  from  that  in 
others. 

Differeyices  between  Arterial  and  Venous  Blood, — The  differences  be- 
tween arterial  and  venous  blood  are  these : — 

(a.)  Arterial  blood  is  bright  red,  from  the  fact  that  almost  all  its 
haemoglobin  is  combined  with  oyxgen  (Oxy-hsemoglobin,  or  scarlet  hsB- 
moglobin),  while  the  purple  tint  of  venous  blood  is  due  to  the  deoxida- 
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Mon  of  a  certain  (|Uftntity  of  its  oxy-h£emoglobin,  and  its  consequent 
reduction  to  tht)  purple  variety  (Deoxidized,  or  purple  haemoglobin), 

(b,)  Arterial  blood  coagulates  Bomowhut  more  quickly. 

(c)  Arterial  blood  contains  more  oxygen  than  %'enou8,  and  lesa  car- 
bonic acid. 

Some  of  the  veins  contain  blood  which  differs  from  the  ordinary 
standard  considerably.  These  are  the  Portal,  the  Hepatic,  and  the 
Splenic  veins. 

Portal  tvi/i.— The  blood  which  the  portal  vein  conveys  to  the  liver 
is  supplied  from  two  chief  sources;  namely,  from  the  gastric  and  mes- 
enteric veins,  which  contain  the  soluble  elements  of  food  absorbed  from 
the  stomach  and  intestines  during  digestioo,  and  from  the  splenic  vein; 
it  must,  therefore,  combine  the  qualities  of  the  blood  from  each  of  these 
sources. 

The  blood  in  the  gastric  and  mesenteric  veins  will  vary  much  ac- 
cording to  the  stage  of  digestion  and  the  nature  of  the  food  taken,  and 
can  therefore  be  seldom  exactly  the  same.  Speaking  generally,  and 
without  considering  the  sugar,  and  other  soluble  matters  which  may 
have  been  absorbed  from  the  alimentary  canal,  this  blood  appears  to  tie 
deficient  in  solid  matters,  especially  in  colored  corpuscles,  owing  to  di- 
lution by  the  quantity  of  water  absorbed,  to  contain  an  excess  of  proteid 
matter,  and  to  yield  a  less  tenacious  kind  of  fibrin  than  that  of  blood 
generally. 

The  blood  from  the  splenic  rein  is  generally  deficient  in  colored  cor- 
puscles, and  contains  an  unusually  large  proportion  of  proteids.  The 
fibrin  obtainable  from  the  blood  seems  to  vary  in  relative  amonnt,  Tnit 
to  be  almost  always  above  the  avemge.  The  proportion  of  colorless  cor- 
puscles is  also  unusually  large.  The  whole  quantity  of  solid  matter  is 
decreased,  the  diminution  appearing  to  be  of  colored  corpuscles.  The 
plasma  is  said  to  be  colored  in  consequence  of  its  containing  dissolved 
hajmatin* 

The  blood  of  the  portal  veitiy  combining  the  peculiarities  of  its  two 
factors,  the  splenic  and  mesenteric  venous  blood,  is  usually  of  lower 
specific  gravity  than  blood  generally,  is  more  watery,  contains  fewer 
colored  corpuscles,  more  proteids,  and  yields  a  less  firm  clot  than  that 
yielded  by  other  blood,  owing  to  the  deficient  tenacity  of  its  fibrin. 

Guarding  (by  ligature  of  the  portal  vein)  against  the  possibility  of 
an  error  in  the  analysis  from  regurgitation  of  hepatic  blood  into  the 
portal  vein,  recent  observers  have  determined  that  kepafir  venonn  blood 
contains  less  water,  proteids,  and  sedts  than  the  blood  of  the  portal 
veins;  but  that  it  yields  a  much  larger  amount  of  extractive  matter, 
in  which  is  one  constant  element,  namely,  grape-sngar,  which  is  found, 
whether  saccharine  or  farinaceous  matter  has  been  present  in  the  food 
or  not. 
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Development  of  the  Blood-Corpuscles. 

The  first  formed  blood-corpuscles  of  the  human  embryo  differ  much 
in  their  general  characters  from  those  which  belong  to  the  later  periods 
of  intra-uterine,  and  to  all  periods  of  extra-uterine  life.  Their  manner 
of  origin  is  at  first  very  simple. 

Surrounding  the  early  embryo  is  a  circular  area,  called  the  vascular 
area^  in  which  the  first  rudiments  of  the  blood-vessels  and  blood-corpus- 
cles are  developed.  Here  the  nucleated  embryonal  cells  of  the  meso- 
blast,  from  which  the  blood-vessels  and  corpuscles  are  to  be  formed, 
send  out  processes  in  various  directions,  and  these  joining  together, 
form  an  irregular  meshwork.  The  nuclei  increase  in  number,  and  col- 
lect chiefly  in  the  larger  masses  of  protoplasm,  but  partly  also  in  the 


Fi^.  141.— Put  of  the  network  of  developlni?  blood-TesMls  In  the  vaaeular  area  of  a  gtdnea-ptg. 
bL  blood-ootpuiclM  becoming  free  in  an  enUu-ged  and  bollowed-out  part  of  the  network ;  a,  prooe» 
of  protoplasm.    (E.  A.  Schuer.) 

processes.  These  nuclei  gather  around  them  a  certain  amount  of  the 
protoplasm,  and  becoming  colored,  form  the  red  blood-corpuscles.  The 
protoplasm  of  the  cells  and  their  branched  net-work  in  which  these 
corpuscles  lie  then  become  hollowed  out  into  a  system  of  canals  inclos- 
ing fluid,  in  which  the  red  nucleated  corpuscles  float.  The  corpuscles 
at  first  are  from  about  ^-^  to  j-^  of  an  inch  (10/x  to  16ai)  in  diameter, 
mostly  spherical,  and  with  granualr  contents,  and  a  well-marked  nucleus. 
Their  nuclei,  which  are  about  -^^  of  an  inch  (5/x)  in  diameter,  are  cen- 
tral, circular,  very  little  prominent  on  the  surfaces  of  the  corpuscles, 
and  apparently  slightly  granular  or  tuberculatcd. 

The  corpuscles  then  strongly  resemble  the  colorless  corpuscles  of  the 
fully  developed  blood,  but  are  colored.  They  are  capable  of  amoeboid 
movement  and  multiply  by  division. 

A¥Tien,  in  the  progress  of  embryonic  development,  the  liver  begins  to 
be  formed,  the  multiplication  of  blood-cells  in  the  whole  mass  of  blood 
ceases,  and  new  blood-cells  are  produced  by  this  organ,  and  also  by  the 
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Ijmpbatic  glands^  thymue,  and  spleen.  These  are  at  first  colorless  and 
nucleated,  but  afterward  acquire  the  ordinary  blood-tinge,  and  resemble 
very  ranch  those  of  the  first  set.  They  also  multiply  by  division*  In 
whichever  way  produced,  however,  whether  from  the  original  formative 


T\g.  IIS.— Denik»pment  of  red  corpuscleM  in  connective  tissue  ce]\s.    From  the  subcutaiieottfl 
tiMDe  oi  m  oew-born  mt,    K  a  cell  coalaJoioK  h«nmicli>bto  In  n  dlfhts^d  form  in  tb«  protoplum;  h'. 


one  conT<in1ng  colornl  globules*  of  varyitiK^  ettv  luid  vi&iruultst>:  /»*,  a  cell  filled  wllh  colored  gbbiilei 
©f  utmrlY  ttiillonii  itee ;  J,  f,  derekyplDir  foi  eella.  "    ''  -  -*  - 


(E.  A.  SchAfe-r.) 


cells  ol  the  embryo,  or  by  the  liver  and  the  other  organs  mentioned 
above,  these  colored  nucleiitcd  cells  begin  very  early  in  foetal  life  to  be 
mingled  with  colored  /io«-nucl edited  corpuscleB  resembling  those  of  the 
adulty  and  at  about  the  fourth  or  fifth  month  of  embryonic  existence 
are  completely  replaced  by  them. 


FIjT- 148— Fiirtber  d«Te1cypiiic^t  of  btood-cmpwdct  in  oonaectlve  tSasiie  optls  and  tnu»f orxna^ 
of  ttie  lAttpr  into  captli&iy  blood-ivMeb.  a.  ma  ttkMuntod  oell  wltb  •  c&vlly  in  the  procopUiui 
ipie<J  by  tluM  and  bv  blixKl-corpuiicleB  which  are  mR  elobiilar!  b.  a  hollow  cell,  the  nuiclefj^  of 
w»»?li  has  nuiKlpllecl.  Tne  bi»w  aucdel  an?  itrrangril  aroiincfthe  wall  of  the  cavity,  tlie  oorptMvlea  ia 
which  have  tM>w  bctoome  lilaoold;  c,  ab^nwH  the  mo<le  of  iinkin  of  a  "  faipmapoii*tk' "  cell,  wbich^  lo 
this  instaoce^  contains  ooljr  one  oorpusck',  with  the  iimlgugatloii  iNi  of  a  orevioualj  existinc  ver~  ' 
a  and  c,  from  the  new-bom  rat;  d,  from  the  fcBtal  siieep.    C^.  A.  ScbJUerO 


ocMnipj 
whteh 


Origin  of  the  Mature  Colored  Corpuscles,— The  non-nucleated 
red  corpuscles  may  poseibly  be  derived  from  the  nucleated,  but  in  all 
probability  are  an  entirely  new  formation.     Their  chief  origin  is:— 

From  the  fnedulh  of  Imne. — It  hsis  been  shown  that  colored  corpuscles 
are  to  a  very  large  extent  derived  during  adult  life  from  the  large  pale 
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cells  in  the  rod  marrow  of  bones,  especially  of  the  ribs  (fig.  144).  These 
cells  become  colored  from  tbe  formation  of  haemoglobin  chiefly  in  one 
part  of  their  protoplasm.  This  colored  part  becomes  sepiimted  from  the 
rest  of  the  cell  and  forms  a  red  corpuscle,  being  ut  first  cup- shaped,  but 
soon  taking  on  the  normal  appearance  of  the  mature  corpuscle.  It  is 
supposed  that  the  protoplasm  ma  grow  up  again  and  form  a  number  of 
red  corpuscles  in  a  similar  way. 

From  the  tisme  df  the  spUeJu — It  is  probable  that  colored  as  well  as 
colorless  corpuscles  may  be  produced  in  the  spleen. 

From  Microrytes, — Hayem  describes  tlie  small  particles  (Microcytes), 
previously  mentioned  z^  contained  in  the  blood,  and  which  he  calls 
haamatoblasts,  as  the  precursors  of  the  red  corpuscles.  They  acquire 
color,  and  enlarge  to  the  normal  size  of  red  corpuscles. 

Frmn  the  whitf^  mrpasdes.— The  belief  that  the  red  corpuscles  are 
derived  from  the  white  is  still  very  general,  although  no  new  evidence 
has  been  recently  advanced  in  favor  of  this  view.  It  is,  however,  un- 
certain whether  the  nucleus  of  t^e  white  coq)uacIe  becomes  the  red  cor- 

#He  t  !«•  *«•• 
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Fig 


;,  144. —Colored  nucleated  corpuscles,  from  the  red  marrow  of  tlie  jarulDea^plg.    CK  A.  Schifer.) 


puscle,  or  whether  the  whole  white  corpuscle  is  bodily  converted  into 
the  red  by  the  gradual  clearing  up  of  its  contents  with  a  disappearance 
of  the  nncleuB.     Probably  the  latter  view  is  the  correct  one. 

During  fcetal  life  and  possibly  in  some  animals,  e.g.,  the  rat,  which 
are  horn  in  an  immature  condition,  for  some  little  time  after  birth,  the 
blood  discs  have  been  stated  by  Schiifer  to  arise  in  the  connective  tissue 
cells  in  the  following  way.  Small  globules,  of  varying  size,  of  coloring 
matter  arise  in  the  protoplasm  of  the  cells,  and  the  cells  themselves 
become  bmnched,  their  branches  joining  the  branches  of  similar  cells. 
The  cells  next  become  vacuolated,  and  the  red  globules  are  free  in  a 
cavity  filled  with  fluid  (fig.  143) ;  by  the  extension  of  the  cavity  of  the 
cells  into  their  processes  anastomosing  vessels  are  produced,  which  ulti- 
mately join  with  the  previously  existing  vessels,  and  the  globules,  now 
having  the  size  and  appearance  of  the  ordinary  red  corpuscles,  are 
passed  into  the  general  circulation.  This  method  of  formation  is  called 
inirmeiiuhir. 

Without  doubt,  the  red  corpuscles  have,  like  all  other  parts  of  the 
organism,  a  tolerably  definite  term  of  existence,  and  in  a  like  manner 
die  and  waste  away  when  the  portion  of  work  allotted  to  them  has  been 
performed.  Keither  the  length  of  their  life,  however,  nor  the  fashion 
of  their  decay  has  been  yet  clearly  made  out.  It  is  generally  believed 
that  a  certain  number  of  the  colored  corpuscles  undergo  disintegration 
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in  the  spleen;  and  indeed  corpuscles  in  various  degrees  of  degeneration 
hare  been  observed  in  that  organ. 

Origin  of  the  Colorless  Corpuscles.— The  colorless  corpuscles  of 
the  blood  are  derived  from  the  lymph  corpuscles,  being,  indeed,  indis- 
tinguishable from  them;  and  these  come  chiefly  from  the  lymphatic 
glands.     Their  number  is  increased  by  division. 

Colorless  corpuscles  are  also  in  all  probability  derived  from  the 
spleen  and  thymus,  and  also  from  the  germinating  endothelium  of 
serous  membranes,  and  from  connective  tissue.  The  corpuscles  are  car- 
ried into  the  blood  either  with  the  lymph  and  chyle,  or  pass  directly 
from  the  lymphatic  tissue  in  which  they  have  been  formed  into  the 
neighboring  blood-vessels. 

Uses  of  the  Blood. 

1.  To  be  a  medium  for  the  reception  and  storing  of  matter,  e,g,y 
oxygen  and  digested  food  material,  from  the  outer  world,  and  for  its 
conveyance  to  all  parts  of  the  body. 

2.  To  be  a  source  whence  the  various  tissues  of  the  body  may  take 
the  materials  necessary  for  their  nutrition  and  maintenance;  and  whence 
the  secreting  organs  may  take  the  constituents  of  their  various  secre- 
tions. 

3.  To  be  a  medium  for  the  absorption  of  refuse  matters  from  all  the 
tissues,  and  for  their  conveyance  to  those  organs  whose  function  it  is  to 
separate  them  and  oast  them  out  of  the  body. 

4.  To  warm  and  moisten  all  parts  of  the  body. 


CHAPTEE  TI. 

THE  CIRCULATION  OF  THE  BLOOD. 

The  blood  is  mude  to  circulate  within  the  system  of  closed  tubes  in 
which  it  is  contaioed  by  means  of  the  aitenmte  contraction  and  relaxa- 
tion of  the  heart.  The  heart  is  a  hollow  muBcyhir  organ  consisting  of 
four  chambers,  two  auricles  and  two  ventricles,  arranged  in  pairs.     On 


PulxDQD&ry  artery  — 


Superior  cava  or  vein 
from  heft^l  and  oect 

Rlg^ht  auricle 
Inferior  vooa  cava 


Bigtt  ventricle    ^, 


.  Portal  ctretjlatioD 


Becoo^  rpnal 
drculatJou 


FIr,  mi.— liia^ram  oi  ihe  irircuIarioD. 

the  right  and  left  sides  is  an  anricle  joined  to  and  conimnnicnting  with 
a  ventricle,  but  the  cbamhers  on  the  right  side  do  nut  directly  commu- 
nicate with  those  on  the  left  side.  The  blood  is  conveyed  away  from 
the  left  Bide  of  the  heart  (as  in  the  diagram,  fig.  145)  by  the  nrferies, 
and  returned  to  the  right  side  of  the  heart  hy  the  vmns,  the  nrteries  and 
veins  being  continuous  with  each  other  at  one  end  by  means  of  the 
heart,  and  at  tlie  other  by  a  tine  network  of  vessels  called  the  capinarics. 
From  the  right  side  of  the  heart  the  blood  passes  to  the  lungs 
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through  the  pulmonary  artery,  then  through  the  pulmonary  aipillariea, 
and  through  the  pulmonary  veins  to  the  left  side  of  the  heart  (Fig.  145). 
Thus  there  are  two  circulations  through  which  the  blood  mu.'ft  pass;  the 
one,  a  shorter  circuit  from  the  right  side  of  the  heart  to  the  lungs  and 
hack  again  to  the  left  side  of  the  heart;  the  other  and  larger  circuit, 

■  from  the  left  side  of  the  heart  to  all  parts  of  the  body  and  back  again  to 
the  right  side;  strictly  speaking,  however,  there  is  but  one  complete 
circulation,  which  may  be  diiigrammatieally  represented  by  a  double 
loop,  as  in  fig.  145,  in  which  there  is  one  continuous  stream,  the  whole 
of  which  must,  at  one  part  of  its  course,  pass  through  the  lungs.  Sub- 
ordinate to  the  circulations  through  the  lungs  and  through  the  system 
generally,  respectively  named  the  Pulmonary  and  Systemic,  it  will  be 
noticed  also  in  the  same  figure  that  a  portion  of  the  stream  of  blood 
having  been  diverted  once  into  the  capillaries  of  the  intestinal  canal, 

■  and  some  other  organs,  and  gathered  up  again  into  a  single  stream,  is  a 
second  time  divided  in  its  passage  through  the  liver,  before  it  finally 
reaches  the  heart  and  completes  a  revolution.  This  subordinate  stream 
through  the  liver  is  called  the  Portal  circuktion.  A  somewhat  similar 
acoesaory  circulation  is  that  through  the  kidneys,  called  the  Renal  cir- 
culation. Such  then  ie  the  outline  of  the  course  of  the  circulation. 
The  problems  in  connection  with  its  maintenance  cannot  be  well  under- 

I  stood  without  a  more  detailed  knowledge  of  the  structure  and  mode  of 
action  of  the  heart,  and  of  the  structure  and  properties  of  the  blood- 
veasels.     These  subjects  will  now  be  considered  seriatim. 
■  The  Heart. 

The  heart  is  contained  in  the  chest  or  thomx,  and  lies  between  the 
right  and  left  tonj^s  (fig.  146),  inclosed  in  a  membranous  sac — the  Peri- 
cardium, which  is  made  up  of  two  distinct  parts,  an  exte ruff I  ^hrons 
membrane,  composed  of  closely  interlacing  fibres,  which  has  its  base 
attached  to  the  diaphragm  or  midriff,  the  gi'eat  muscle  wiiich  forms  the 
floor  of  the  chest  and  divides  it  from  the  abdomen — both  to  the  central 
tendon  and  to  the  adjoining  muscular  fibres,  while  the  smaller  and 
upper  end  is  lost  on  the  large  blood-vessels  by  mingling  its  fibres  with 
that  of  thctir  external  coats;  and  an  internal  serous  layer,  which  not  only 
lines  the  fibrous  sac,  but  also  is  reflected  on  to  the  heart,  which  it  com* 
pletely  invests.  The  part  which  lines  the  fibrous  membrane  is  called 
the  paristal  layer,  and  that  inclosing  the  heart,  the  visveral  hiyer,  and 
theae  being  continuous  for  a  short  distance  along  the  great  vessels  of 
the  base  of  the  heart,  form  a  closed  sac,  the  cavity  of  which  in  health 
contains  just  enough  fluid  to  lubricate  the  two  surfaces,  and  thus  to 
enable  them  to  glide  smoothly  over  each  other  during  the  movements 
of  the  heart.  The  vessels  i>a8sing  in  and  out  of  the  heart  receive  in- 
vestments from  this  sac  to  a  greater  or  less  degree. 
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The  heart  is  situated  in  the  chest  behind  the  sternum  and  costal 
cartilages,  being  placed  obliquely  from  right  to  left,  quite  two-thirds  of 
it  being  to  the  left  of  the  mid-sternal  line.  It  is  of  pyramidal  shape, 
with  the  apex  pointing  downward,  outward,  and  toward  the  left,  and  the 
base  backward,  inward,  and  toward  the  right.  It  rests  upon  the  dia- 
phragm, and  its  pointed  apex,  formed  exclusively  of  the  left  side  of  the 
heart,  is  in  contact  with  the  chest  wall,  and  during  life  beats  against  it 
at  a  point  called  the  apex  beat,  situated  in  the  fifth  left  intercostal 
space,  and  about  three  inches  from  the  mid-sternal  line.  The  heart  is, 
as  it  were,  suspended  in  the  chest  by  the  large  vessels  which  proceed 
from  its  base,  but,  excepting  at  this  part,  the  organ  itself  lies  free  within 
the  sac  of  the  pericardium.    The  part  which  rests  upon  the  diaphragm 


Right  luDg 


Pulmonaxy  artery 


Left  lung 


Diaphragm 


Fig.  146.— View  of  heart  and  lungs  in  situ.  The  front  portion  of  the  chest-wall,  and  the  oater 
or  parietal  layers  of  the  pleursB  and  pericardium  have  been  removed.  The  lungs  are  partly  col- 
lapsed. 

is  flattened,  and  is  known  as  the  posterior  surface,  while  the  free  upper 
part  is  called  the  anterior  surface.  The  margin  toward  the  left  is  thick 
and  obtuse,  while  the  lower  margin  toward  the  right  is  thin  and  acute. 
On  examination  of  the  external  surface  the  division  of  the  heart  into 
parts  which  correspond  to  the  chambers  inside  of  it  may  be  traced,  for 
a  deep  transverse  groove  called  the  auriculo-veiitricular  groove  divides 
the  auricles  which  form  the  base  of  the  heart  from  the  ventricles  which 
form  the  remainder,  including  the  apex,  the  ventricular  portion  being 
by  far  the  greater;  and,  again,  the  inter-ventricular  groove  runs  between 
the  ventricles  both  front  and  back,  and  separates  the  one  from  the  other. 
The  anterior  groove  is  nearer  the  left  margin  and  the  posterior  nearer 
the  right,  as  the  front  surface  of  the  heart  is  made  up  chiefly  of  the 
right  ventricle  and  the  posterior  surface  of  the  left  ventricle.     In  the 
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fttrrows  or  grooTee  run  the  coronary  vessels,  which  supply  the  tissue  of 
the  heart  with  blood,  as  well  aa  nerves  aEd  lymphutics  imbedded  in 
more  or  less  fatty  material* 

The  Chambers  of  the  Heart,— The  interior  of  the  heart  is  divided 
by  a  longitudinal  partition  in  such  a  manner  aa  to  form  two  chief  cham- 
bers or  cavities — right  and  left.     Each  of  these  chambers  is  again  sub- 
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Fig.  147.— The  rigtit  Auricle  And  ventricle  of^eued,  and  a  part  of  ilit^lr  rt^ht  and  anterior  waUs 
retDQTedtSoaitoabowtheiriotedor.  H-— 1,  Superior  venacavft  :  Z,  Inferior  vena  cava  ;  'J',  lieptiiic 
T«iDS  cut  short ;  8,  right  audele  ;  i\  placed  In  thv  foasa  ovalim  bebw  which  Is  the  EustacbliiD  valve ; 
r,  i»  placed  cloee  to  the  aperture  of  tht?  ccirofiarj-^  v<*li) ;  +,  +,  placed  in  the atiriculo-v^^ntricuJar 
groove,  where  a  narrow  p«jrtion  of  the  adjai^ent  woiltii  of  the  auricle  and  veetrick-  ha»  beco  preserved ; 
4,  4,  travttjr  of  tjie  right  vfntn€li\  the  upixr  fl^ire  is  imnieiiiateljr  helow  Llie  i^midmar  valves ;  4\ 
large  oolumna  camea  or  musculys  ikapOlariH  ;  5,  r>\  r»*,  trieuKiJid  valve  ;  6,  pljieeri  In  the  interior  of 
the  pulmoDaiy  aneiy.  apart  of  the  anterior  wall  of  that  ve^Nel  having  beeci  removeti.  and  a  oarrow 
poraoD  of  ft  preMTved  at  Its  comnienccmt^oU  where  the  seniiiunar  vaJve»  are  attached  ;  7.  concavitv 
of  the  aortic  arch  cdoae  to  the  conl  of  the  tlucnm  urtfhoftus  ;  n,  QMiendlng  part  or  tdntis  of  the  arch 
i-*)veRnJ  at  itd  cooinitrn cement  hy  the  fturiculiu-  a|ijrtrnflix  ancj  pulmonary  artery  ;  W,  [tlaued  between 
the  Innotnlnate  and  left  carotid  arteries  ;  10,  apF^Nendix  of  the  left  auricle  ;  Jl,  U,  outside  Of  tlMS  left 
ventricle,  the  lower  figure  aear  the  at^ex.    (Alien  Thomtiou.) 

diTided  trans rersely  into  an  npper  and  a  lower  portion,  called  respect- 
ively, as  already  incidentally  mentioned,  auricle  and  Tentriclc,  which 
freely  communicate  one  with  the  other  j  the  aperture  of  communication, 
however,  is  guarded  by  valves,  so  disposed  as  to  allow  blood  to  puss 
freely  from  the  auricle  into  the  ventriclcj  but  not  in  the  opposite  direc- 
II 
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tioD.     There  are  thus  four  cavities  in  the  lietirt— the  auricle  and  ventr!* 
cle  of  one  side  being  quite  separate  from  those  of  the  other  (fig.  14T). 

Eight  Anrkle,—Th^  right  auricle  m  situated  at  the  right  part  of  the 
base  of  the  heart  as  Tie  wed  from  the  front.  It  is  a  thin- walled  cjiTity 
of  more  or  leBs  quadrilateral  shape,  prolonged  at  one  corner  into  a 


Fig.  14fl,— The  left  aurfcTe  and  ventHcIe  opene*!  and  a  part  of  their  anterior  and  left  walls  re- 
roovea,  m^  — The  puinionnry  artery  lia«  i(>eeii  ciivldetl  ac  it»  cscMiimeuceitieut :  tiie  oi^aiuK  int<'  the 
left  ventrielf  (k  earriHl  a  siiort  distJiwi.'^*  iiuo  the  «orta  betweeo  two  of  the  Hegiut'iitj*  of  ih«  seiuliumir 
vmlvea  ;  and  th<?  left  part  of  thf  aurkk-  with  Its  appendix  has  been  removed.  The  right  ikuricie  is 
out  of  view.  1»  The  two  riuhl  pyinioirary  veins  cut  Hiiorl  ;  their  o]:>enli!igi4  aj%  neaci  witliiu  the  auricle; 
\\  pla^lMMl  witliio  the  cavity  of  the  auricle  on  the  left  Kide  of  thesepttim  and  oo  th«  part  which  fonni 
the  remoina  of  the  valve  of  the  ft»raiiieu  ornie,  of  which  the  erewentle  fold  Ib  seen  towani  tlie  left 
hand  of  r  ;  3.  a  uhjtow  portion  of  the  waJi  of  the  auricle  and  vent  Hole  prem-n^etl  r«iuiJd  theauriculo- 
v«utrieolar  orifice  ;  3.  a',  the  cut  surfaee  of  the  walls  of  the  veniriele.  Ht^*rj  to  become  very  much 
tliinaer  towardii  S',  at  the  apex  ;  ■),  a  »oiaU  part  of  tht-  anterior  \i  all  uf  the  left  veDiricle  which  hA» 
l&eea  preserved  with  tho  principal  aotehtir  e<tltirtiEa  camea  or  musciiltiB  papillaris  attached  to  It ; 
6»  6.  mtideuli  papillarea  ;  h\  the  left  «ide  of  the  »t»ptiim.  b<Hween  tlie  two  ventrtcies,  witliiu  thecaiiity 
of  the  left  ventricle ;  (J.  fl^^  the  mitral  vnlve ;  7.  plric*>ii  in  the  interior  of  the  aorta  near  its  c<3mmeuce- 
fnent  and  above  the  txiree  flM^ginents  of  itn  semiluuar  valve  which  are  hanginiK  t<xiaely  together  ;  7', 
the  exterior  of  the  prreat  aortic  «imi8  ;  H.  the  root  of  thcpuhnonarj'  artf^-ry  and  its  BemJIunar  valves ; 
8\  the  fteporated  portion  of  the  pulmonary  artery  remain  iufr  attachtnl  to  the  aorta  by  fl,  the  cord  or 
the  duetua  arterloaua  -,  10,  the  artedes  rlainjc  from  the  sunmiit  of  the  aortic  arch.    (Allen  Thomson.) 


tongue-shaped  portion,  the  right  auricular  appendix^  which  alightly  over* 
laps  tht*  exit  of  the  great  artery,  the  aorta,  from  the  heart. 

The  interior  is  amooth,  being  lined  with  the  general  lining  of  the 
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.,  the  endocardium,  and  into  it  open  the  superior  and  inferior  venae 
cm?9»  or  great  veins,  which  convey  the  blood  from  all  parts  of  the  body 
to  the  heart.  The  former  is  directed  downward  and  forward,  the  latter 
upward  and  inward;  between  the  entrances  of  these  veBBels  is  a  slight 
tubercle  called  tubercle  of  Lower.  The  opening  of  the  inferior  cava  ia 
protected  and  partly  covered  by  a  membrune  called  the  Euntavhian 
xalm.  In  the  posterior  wail  of  the  auricle  is  a  slight  depression  called 
XhefaBsa  ovalis,  which  corresponds  to  an  opening  between  the  right  and 
left  auricles  which  exists  in  fcetal  life.  The  right  auricular  appendix  is 
of  oval  form,  and  admits  three  fingers.  Various  veins,  including  the 
coronary  sinus,  or  the  dilated  portion  of  the  right  coronary  vein,  open 
into  this  chamber.  In  the  appendix  are  closely  set  elevations  of  the 
mnacular  tiasue  covered  with  endocardium,  and  on  the  anterior  wall  of 
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i.^Trfti)ST«nie  itectloo  of  bullm'k's  hmrt  fa  &  state  of  cadATeric  rl^jidlty,    (Dalton.} 
by  Cavitj  of  right  ventricle,     a,  Cuvity  of  left  ventrtcle, 

the  auricle  are  similar  elevations  arranged  parallel  to  one  another,  called 
mUBCuli  peciinatL 

Right  Ventricle, — The  right  ventricle  occupies  the  chief  part  of  the 
anterior  surface  of  the  heart,  as  well  as  a  small  part  of  the  posterior 
surface:  it  forms  the  right  margin  of  the  heart.  It  takes  no  part  in 
the  formation  of  the  apex.  On  section  its  cavity,  in  consequenee  of  the 
encroachment  upon  it  of  the  septom  ventriculorum,  is  semilunar  or 
crescentic  (fig.  149);  into  it  are  two  openings,  the  auriculo-ventricnlar 
at  the  base  and  the  opening  of  the  pulmonary  artery  also  at  the  base, 
but  more  to  the  left;  the  part  of  the  ventricle  leading  to  it  is  called  the 
€onus  arteriosus  or  infiaidibulnm  :  both  orifices  are  guarded  by  valves, 
the  former  cjilled  tricuspid  and  the  latter  H€7nih(nar  or  sigmoid.  In 
this  ventricle  are  also  the  projections  of  the  muscular  tissue  called  co- 
inninte  carnew  (described  at  length  p.  178). 

Left  Auricle, — The  left  auricle  is  situated  at  the  left  and  posterior 
part  of  the  base  of  the  heart,  and  is  best  seen  from  beliind.  It  is  quad- 
rilateral, and  receives  on  either  side  two  pulmonary  veins*  The  auricu- 
lar appendix  is  the  only  part  of  the  auricle  seen  from  the  front,  and 
corrcgponds  with  that  on  the  right  side,  but  is  thicker,  and  the  interior 
is  more  smooth.  The  left  auricle  is  only  slightly  thicker  than  the  right. 
The  left  auriculo-ventricnlar  orifice  is  o?al,  and  a  little  smaller  than 
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that  on  the  right  side  of  the  heart*  There  is  a  slight  vestige  of  the 
foramen  hetween  the  auricles,  which  exists  in  fcetal  life,  on  the  septum 
between  them. 

Lf^fi  Veniride. — Though  taking  part  to  a  comparatively  slight  ex- 
tent in  the  anterior  surface,  the  left  ventricle  occupies  the  chief  part  of 
the  posterior  surface.  In  it  are  two  openings  very  close  together,  viz.  ^ 
the  auriculo-ventricular  and  the  aortic,  guarded  by  the  valves  corre-| 
spending  to  those  of  the  right  side  of  the  heart,  viz,  the  bicuspid  or 
mitral  and  the  smnilunar  or  si  [/moid.  The  first  opening  is  at  the  left 
and  back  part  of  the  base  of  the  ventricle,  and  the  aortic  in  front  and 
toward  the  right.  In  this  ventricle,  as  in  the  right,  are  the  columnse 
carTie«e,  which  are  smaller  but  more  closely  reticulated.  They  are  chiefly 
found  near  the  apex  and  along  the  posterior  walL  They  will  be  again 
referred  to  in  the  description  of  the  valves.     The  walls  of  the  left  ven- 
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Fl^.  150.^Netnrork  of  tnuflculftr  fibres  f  mm  (be  heart  of  a  pi^.    The  nuel^J  of  the  muade'Corpiis- 
clea  are  well  ahowii,     x  450.     (Klein  ttud  Kobie  Sniitb.) 

tricle,  which  are  nearly  half  an  inch  in  thickness,  are,  with  the  excep- 
tion of  the  apex,  twice  or  three  times  as  thick  as  those  of  the  right 

Capacity  of  the  Chambers, — During  life  each  ventricle  is  capable 
of  containing  about  four  to  six  ounces  (about  180  grms.)  of  blood.  The 
capacity  of  the  auricles  after  death  is  rather  less  than  that  of  the  ven- 
tricles: the  thickness  of  their  walls  is  considerably  less.  The  latter 
condition  is  adapted  to  the  small  amount  of  force  which  the  auricles 
require  in  order  to  empty  themselves  into  their  adjoining  ventricles; 
the  former  to  the  circumstance  of  the  ventricles  being  partly  filled  with 
blood  before  the  auricles  contnict. 

Size  and  Weight  of  the  Heart.— The  heart  is  about  5  inches 
long  (about  12.6  cm.)»  34  inches  (8  era.)  greatest  width,  and  2^  inches 
(6.3  cm,  )  in  its  extreme  thickness.  The  averiige  weight  of  the  heart  in 
the  adult  is  from  9  to  10  ounces  (about  300  grins.);  its  weight  gradually 
increasing  throughout  life  till  middle  age;  it  diminishes  in  old  age. 

Stnicture,— The  walls  of  the  heart  are  constructed  almost  entirely 
of  layers  of  muscular  fibres;  but  a  ring  of  connective  tissue,  to  which 
some  of  the  muscular  fibres  are  attiiched,  is  inserted  between  each  auri- 
cle and  ventricle,  and  forms  the  boundary  of  the  auricuio-muiricular 
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opening.     Fibrous  tissue  also  exists  at  the  origins  of  the  pulmonary 
rfcery  mid  aorta. 

The  muscular  fibres  of  each  auricle  are  in  part  continuous  with  those 
^the  other,  and  partly  separate;  and  the  same  remark  holds  true  for 
the  ventricles.  The  fibres  of  the  auricles  are,  however,  quite  separate 
from  those  of  the  ventricles,  the  bond  of  connection  between  them 
being  only  the  fibrous  tissue  of  the  auricnlo-ventncular  openings. 

The  minute  structure  of  the  siriated  muscular  fibres  of  the  heart 
has  been  already  described  (p.  86). 

Endocardium. — As  the  heart  is  clothed  on  the  outside  by  a  thin 
tnmsparent  hiyer  of  pericardium,  so  its  cavities  are  lined  by  a  smooth 


FftT'  IBI.— Dtagnun  of  ihe  drculAtioii  tbrou^h  tbe  faeait  (Dalt4)B> 


I 


and  shining  membrane,  or  endocurfiium,  which  is  directly  continuous 
with  the  internal  lining  of  the  arteries  and  veins.  The  endocardium  is 
composed  of  connective  tissue  with  a  large  admixture  of  eltistie  fibres; 
and  on  its  inner  surface  is  laid  down  a  single  tesselated  hiyer  of  flat- 
tened endothelial  cells.  Here  and  there  unstriped  muscular  fibres  are 
sometimes  found  in  the  tissue  of  the  endocardium. 

Valves. — The  arrangement  of  the  heart's  valves  is  such  that  the 
blood  can  pass  only  in  one  direction  {fig.  151). 

The  tricuspid  valve  (5,  fig*  147)  presents  three  principal  cusps  or  sub- 
divisions, and  the  mitral  or  bicuspid  valve  has  two  such  portions  (6,  fig. 
148).  But  in  both  valves  there  is  between  each  two  principal  portions 
a  smaller  one;  so  that  more  properly,  the  tricuspid  may  be  described  as 
consisting  of  six,  and  the  mitral  of  four,  portions.  Each  portion  is  of 
triangular  form.     Its  base  is  continnous  with  the  bases  of  the  neighbor- 
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ing  portions,  bo  as  to  form  an  annular  membrane  around  the  auriculS^ 
ventricular  opening,  and  is  fixt^d  to  a  tendinous  ring  which  encircles  the 
orifice  between  the  auricle  and  ventricle  and  receives  the  inBertione  of 
the  muscular  fibres  of  both.  In  each  principal  cusp  may  be  distin- 
guished a  central  part,  extending  from  base  to  apex,  and  including  about 
half  its  width.  It  is  thicker  and  much  tougher  than  the  border  pieoes 
or  edges. 

While  the  bases  of  the  cusps  of  the  valves  are  fixed  to  the  tendinous 
rings,  their  ventricular  surface  and  borders  are  fastened  by  slender  ten- 
dinous fibres,  the  ehoniw  tend i new,  to  the  internal  surface  of  the  walls  of 
the  ventricles,  the  muscular  fibres  of  which  project  into  the  ventricular 
cavity  in  the  form  of  bundles  or  columns — the  rolummp  rarneiv.  These 
columns  are  not  all  alike,  for  while  some  are  attached  along  their  whole 
length  on  one  side,  and  by  their  extremities,  others  are  attached  only 
by  their  extremities;  and  a  third  set,  to  which  the  name  mu)<eidi  ptipU- 
lares  has  been  given,  are  attached  to  the  w^all  of  the  ventricle  by  one 
extremity  only,  the  other  projecting,  papilla-like,  into  the  ciivity  of  the 
ventricle  (4,  fig.  148),  and  having  attached  to  it  chord je  tendiuese.  Of 
the  tendinous  cords,  besides  those  which  pass  from  the  walls  of  the 
ventricle  and  the  mnsculi  pupiliares  to  the  margins  of  the  valves,  there 
are  some  of  especial  strength,  which  pass  from  the  same  parts  to  the 
edges  of  the  middle  and  thicker  portions  of  tlie  cusps  before  referred  to. 
The  ends  of  these  cords  are  spread  out  in  the  substance  of  the  valve, 
giving  its  middle  piece  its  peculiar  strength  and  toughness;  and  from 
the  sides  numerous  other  more  slender  and  branching  cords  are  given 
off,  which  are  attached  all  over  the  ventricular  surface  of  the  adjacent 
border-pieces  of  the  principal  portions  of  the  valves,  as  w^ell  as  to  those 
smaller  portions  which  have  been  mentioned  as  lying  between  each  two 
principal  ones.  Moreover,  the  nmaculi  pa])illare8  are  so  placed  that, 
from  the  summit  of  each,  tendinous  cords  proceed  to  the  adjacent  halves 
of  two  of  the  principal  divisions,  and  to  one  intermediate  or  snialler 
division,  of  the  valve. 

The  preceding  description  applies  equally  to  the  mitral  and  tricus- 
pid valve;  but  it  should  be  added  that  the  mitral  is  considerably  thicker 
and  stronger  than  the  tricuspid,  in  accordance  with  the  greater  force 
which  it  is  called  upon  to  resist 

The  semilunar  valves  guard  the  orifices  of  the  pulmonary  artery  and 
of  the  aorta.  They  are  nearly  alike  on  both  sides  of  the  heart;  Imt  the 
aortic  valves  are  altogether  tliicker  and  more  strongly  constructed  than 
the  pulmonary  valves,  in  accordance  with  the  greater  pressure  which 
they  have  to  withstand.  Each  valve  consists  of  three  parts  which  are  of 
semilunar  shape,  the  convex  margin  of  each  being  attached  to  a  fibrous 
ring  at  the  place  of  junction  of  the  artery  to  the  ventricle,  and  the 
concave  or  nearly  straight  border  being  free,  so  as  to  form  a  little  pouch 
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like  a  watch-pocket  (7,  fig.  148).  In  the  centre  of  the  free  edge  of  the 
pouch,  which  contains  a  fine  cord  of  fibrous  tissue,  is  a  small  fibrous 
nodule,  the  corpus  Araniii,  and  from  this  and  from  the  attached  border 
fine  fibres  extend  into  every  part  of  the  mid  substance  of  the  valve, 
except  a  small  lunated  space  just  within  the  free  edge,  on  each  side  of 
the  corpus  Arantii,  Here  the  valve  is  thinnest,  and  composed  of  little 
more  than  the  endocardium.  Thus  constructed  and  attached,  the  three 
semilunar  pouches  are  placed  side  by  side  around  the  arterial  orifice  of 
each  ventricle,  which  can  be  sepiirated  by  the  blood  passing  out  of  the 
ventricle,  but  which  immediately  afterward  are  pressed  together,  so  aa 
to  prevent  any  return  (6,  fig,  147,  and  7,  fig.  148).  This  will  be  again 
referred  to.  Opposite  euch  of  the  semilunar  cusps,  both  in  the  aorta 
and  pulmonary  artery,  there  is  a  bulging  outward  of  the  wall  of  the 
vessel:  these  bulgings  are  called  the  mnuses  of  Vaisaii^a. 

Striwture, — The  valves  of  the  heart  are  formed  essentially  of  thick 
layers  of  closely  woven  connective  and  elastic  tiseuej  over  which,  on 
every  part,  is  reflected  the  endocardium. 

The  Arteries. 

Distribution.— The  arterial  system  begins  at  the  left  ventricle  in  a 
single  large  trunk,  the  aorta,  which  almost  immediately  after  its  origin 
gives  off  in  the  thorax  three  hirge  branches  for  the  supply  of  the  head, 
neck,  and  upper  extremities;  it  then  traverses  the  thorax  and  abdomen, 
giving  off  branches,  some  large  aud  some  small,  for  the  supply  of  the 
Tarious  organs  and  tissues  it  passes  on  its  way.  In  the  abdomen  it 
divides  into  two  chief  branches,  for  the  supply  of  the  lower  extremities. 
The  arterial  branches  wherever  given  off  divide  and  subdivide,  until  the 
calibre  of  each  subdivision  becomes  x^^ry  minute,  and  these  minute  ves- 
sels pass  into  capillaries.  Arteries  are,  as  a  rule,  placed  in  situations 
protected  from  pressure  and  other  dangers,  and  are,  with  few  exceptions, 
straight  in  their  course,  and  frequently  communicate  (anastomose  or 
inosculate)  with  other  arteries.  The  Iminchea  are  usually  given  off  at 
an  acute  angle,  and  the  area  of  the  branches  of  an  artery  generally  ex- 
ceeds that  of  the  parent  trunk;  and  as  the  distance  from  the  origin  is 
increased,  the  area  of  the  combined  branches  is  increased  also.  After 
death,  arteries  are  usually  found  dilated  (not  collapsed  as  the  veins  are) 
and  empty,  and  it  was  to  this  fact  that  their  name  {fiprr^pU,  the  wind- 
pipe) was  given  them,  as  the  ancients  believed  that  they  conveyed  air 
to  the  various  parts  of  the  body.  As  regards  the  arterial  system  of  the 
lungs,  the  pulmonary  artery  is  distributed  much  as  the  arteries  belong- 
ing to  the  general  systemic  circulation. 

Sfructure, — The  walls  of  the  arteries  are  composed  of  three  principal 
coats*  termed  {a)  the  external  or  tunica  adventitia,  {b)  the  middle  or 
tunioa  media,  and  {c)  the  internal  or  tunica  iutima. 
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(a)  The  external  coal  or  tnnica  adventUia  (fige,  152  and  153,  n\  the 
strongest  and  toughest  part  of  the  wall  of  the  artery,  is  formed  of 
areolar  tissue,  with  which  is  mingled  throughout  a  network  of  elastic 
fibres.  At  the  inner  part  of  this  outer  coat  the  elastic  network  forms  in 
most  arteries  so  distinct  a  layer  as  to  be  sometimes  called  the  exfenml 
elastic  coat  (Og,  153,  f). 

{b)  The  middle  coat  (fig.  153,  vi)  is  composed  of  both  muscular  and 
elastic  fibres,  with  a  certain  proportion  of  areolar  tissue.  In  the  larger 
arteries  (fig,  153)  its  thickness  is  comparatively  as  well  as  absolutely 
much  greater  than  in  the  small,  constituting,  as  it  does,  the  greater  part 
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^\g.  15d.— MlBUtft  arter7  viewed  In  li,>ii^ti]d1niil  fle*ctioii,  r,  Nucl^&ted  enrlDtbelial  raembmne. 
wiUi  falDt  nyclel  in  limi^n,  looketl  at  from  abow :  i,  thin  elastic  tunkii  intlma  ;  m,  muaciilar  coat 
or  tiitiica  media :  »,  lnuiea  adventltia.     tKIf'tn  and  Noble  Bmlth.)     X  1^. 

Fip,  153— T  runs  vi^rsie  eection  thrnnifb  a  larpv-  braoeh  of  the  Inferior  meoentenu  arterj*  of  a  ptg. 
f.  Endoth^-lial  m^Eiibratie  :  u  tutiica  elastiea  Inter  on,  Tk&  ^beudotfadial  lajer  \»  Bi?eD  ;  m.  tnusoular 
tiinfca  media,  contniniiijf  m\\y  a  few  wavy  ela»iic  fibres :  tf,  c,  tunica  etastica  externa,  dirMing  the 
media  from  the  conuet'tive  iXstme  a/lveutitia  n.    f Klein  and  Noi>le  8tiilth.>    x  850. 

Fig>  il>J.— MnscTilar  flbrt^'ellR  fn>m  buniiin  art^iriea,  luagidfled  350  dlainelers.  (KdUilcer.)  a, 
Kuckeus.     b,  aflbre-€ell  treat«!d  with  aoetleaoid. 


of  the  arterial  waih  The  muscular  fibres  Jire  unstriped  (fig.  Ir54),  and 
are  arranged  lor  the  most  part  transversely  to  the  long  axis  of  the  artery 
{^g,  155,  w);  while  the  elastic  element,  taking  also  a  traneverse  direc- 
tion, is  disposed  in  the  form  of  closely  interwoven  and  branching  fibres, 
which  intersect  in  all  parts  the  layers  of  muscular  fibre.  Id  arteries  of 
various  size  there  is  a  difference  in  ihe  proportion  of  the  muscular  and 
elastic  element,  ehistic  tissue  preponderating  in  the  largest  arteries,  and 
unstriped  muscle  in  those  of  medium  and  small  size. 

(f?)  The  internal  coat  is  formed  by  layers  of  elastic  tissue,  consisting 
in  part  of  coarse  longitudinal  branching  fibres,  and  in  part  of  a  very 
thin  and  brittle  membrane  which  possesses  little  elasticity,  and  is  thrown 
into  folds  or  wrinkles  when  the  artery  contracts.  This  latter  mem- 
bnme,  the  striated  or  fened rated  coat  of  Henley  is  peculiar  in  its  ten- 
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fSfacy  to  curl  up,  when  peeled  off  from  the  artery,  and  in  the  perforated 
und  streaked  appearance  which  it  presents  under  the  microscope.  Its 
inner  surface  is  lined  with  a  delicate  layer  of  elongated  endothelial  cells 
(fig.  153,  e)^  which  make  it  smooth  and  polished,  and  furnish  a  nearly 
impenneahle  surface,  along  which  the  blood  may  flow  with  the  smalleBt 
powibld  amount  of  reeistanoe  from  friction. 

Immediately  external  to  the  endothelial  lining  of  the  artery  is  fine 
connectiYe    tissue,    sub^ridothelial   Imfvr,    with    branched    oorpuacles, 

^  _  _     **  ^- .  --  *- 
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Fig.  165.— TrmnsT€!rBe  sactloi]  of  aoi  iu  in 


f  rnal  isd  sbout  half  the  middle  oont. 


Thus  the  internal  coat  consists  of  three  parts,  {a)  an  endotheltal  lining, 
(6)  the  Bub-endothelial  layer,  and  (r)  elastic  layers, 
[  Vasa  Vasorum. — The  walls  of  the  arteries,  with  the  possible  exception 
of  the  endothelial  lining  and  the  layers  of  the  internal  coat  immediately 
outside  it,  are  not  nourished  by  the  blood  which  they  convey,  but  are, 
like  other  parts  of  the  body,  supplied  with  little  arteries,  ending  in 
capillaries  and  veins,  which,  branching  throughout  the  external  coat, 
extend  for  some  distance  into  the  middle,  but  do  not  reach  the  internal 
ooaL     These  nutrient  vessels  are  called  vma  vasarunu 

Nervcif, — Most  of  the  arteries  are  surrounded  by  a  plexus  of  sympa- 
thetio  nerves,  which  twine  around  the  vessel  very  much  like  ivy  round  a 
tree:  and  ganglia  are  found  at  frequent  interT^ils.  The  smallest  arter- 
ies and  capillaries  are  also  surrounded  by  a  very  delicate  network  of 
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similar  nerve-fibres,  many  of  which  appear  to  end  in  the  nnclei  of  the 
transverse  muscular  fibres  (fig.  156). 

The  Capillaries. 

Distribution. — In  all  vascular  textures  except  some  parts  of  the  cor- 
pora cavernosa  of  the  penis,  and  of  the  uterine  placenta^  and  of  the 
spleen,  the  transmission  of  the  blood  from  the  minute  branches  of  the 
arteries  to  the  minute  veins  is  effected  through  a  network  of  capiUaries. 
They  may  be  seen  in  all  minutely  injected  preparations. 

The  point  at  which  the  arteries  terminate  and  the  minute  yeins  com- 
mence^ cannot  be  exactly  defined,  for  the  transition  is  gradual;  but  the 


capillary  network  has,  nevertheless,  this  peculiarity,  that  the  small 
vessels  which  ix^mpose  it  maintain  the  same  diameter  thnmghoat :  they 
do  not  diminish  in  diameter  in  one  direction,  like  arteries  and  reins; 
and  the  meshes  of  the  network  that  they  compose  are  more  uniform 
in  shape  and  size  than  those  formed  by  the  anastomoses  of  the  minute 
arteries  and  veinsL 

:>TrHcTuty. — This  is  much  more  simple  than  that  of  the  arteries  or 
veins^  Their  v^ills  are  composed  of  a  single  layer  of  elongated  or  radi- 
ate«  &ittenec  acd  nucleated  cells,  so  joined  and  dovetailed  together  as 
to  form  a  continuous  transparent  membrane  «ng.  15?  >.  C^tside  these 
cells*  in  the  larger  capillaries,  there  is  a  stnv?mreleae  or  very  finely 
fibrillated  membrane,  on  the  inner  surface  of  wnioh  ihey  are  bid  down. 
In  some  causes  this  external  membrane  is  nn:Iea:ed.  and  may  then  be 
regarded  as  a  minxatuie  repnesen^anve  c  f  :hr  ::in:  ja  advt^tiiiA  of  arceriesL 
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Here  and  there  at  the  junction  of  two  or  more  of  the  delicate  endothe- 
lial cells  which  compose  the  eupillary  wall,  psendo-stomata  may  be  seen. 
The  endothelial  cells  are  often  contlnnous  at  various  points  with  pro- 
oeeses  of  adjacent  connective-tissue  corpuscles.  Capillaries  are  sur- 
rotinded  by  a  delicjite  nerve-plexus  resembling,  in  miniature,  that  of  the 
larger  blood-vessels. 

The  diameter  of  the  capillary  vessels  varies  somewhat  in  the  different 
textures  of  the  body,  the  most  common  size  being  about  y^rV^th  of  an 
inch,  12/1*  Among  the  smallest  may  be  mentioned  those  of  the  brain ^ 
and  of  the  follicles  of  the  mucous  membrane  of  the  intestines;  among 
the  largest^  those  of  the  skin,  and  eepecially  those  of  the  medulla  of 
bones. 

The  size  of  capillaries  varies  necessarily  in  dififeront  animala  in  rela- 


Fl(.  157«-^AplllaiT  blood- veesetfi  from  the  <t(n»*ntum  of  rabbit,  hhowin^sf  tbe  niu?lleated  eDdotlielial 
jnembrane  uf  wblch  tbey  are>  LiMiiposed.    iKirin  aod  Nobk*  ^tuitb  > 
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tion  to  the  size  of  their  blood  corpuscles:  thus,  in  the  Proteus,  the  capil- 
lary circulation  can  just  be  discerned  with  the  naked  eye. 

The/orwi  of  the  capillary  network  presents  considerable  variety  in 
the  different  textures  of  the  body:  the  varieties  consisting  principally 
of  modifications  of  two  chief  kinds  of  mesh,  the  rounded  and  the  elon- 
gated. That  kind  in  which  the  meshes  or  interspaces  have  a  roundish 
form  is  the  most  common,  and  prevails  in  those  parts  in  which  the 
capillary  network  is  most  dense,  such  as  the  lungs  (fig.  1 08),  most 
glands,  and  mucous  membranes,  and  the  cutis.  The  meshes  of  this 
kind  of  network  are  not  quite  circular  but  more  or  less  angular,  some- 
times presenting  a  nearly  regular  quadrangular  or  polygonal  form,  but 
being  more  frequently  irregular.  The  capillary  network  with  elongated 
meshes  is  observed  in  parts  in  which  the  vessels  are  arranged  among 
bundles  of  fine  tubes  or  fibres,  as  in  muscles  and  nerves.  In  such  parts, 
the  meshes  form  panillelograrns,  the  short  sides  of  which  may  be  from 
three  to  eight  or  ten  times  less  than  the  loug  ones;  the  long  sides  being 
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more  or  less  parallel  to  the  long  axis  of  the  fibre.  The  rounded  and 
elongated  meshes  vary  according  aa  the  vessels  composing  them  are 
straight  or  tortuons. 

The  number  of  the  capillaries  and  the  mze  of  the  meshes  in  different 
parts  determine  in  general  the  decree  of  vajteularity  of  those  parts« 
The  capilhiry  network  is  closest  in  the  lungs  and  in  the  choroid  eoat  of 
the  eye.  In  the  iris  and  ciliary  body*  the  interspaces  are  somewhat 
wider,  yet  very  small.  In  the  human  liver  the  interspaces  are  of  the 
Biime  size,  or  even  smaller  than  the  capillary  vessels  themselves.  In  the 
human  lung  they  are  smaller  than  the  vessels;  in  the  human  kidney, 
and  in  the  kidney  of  the  dog,  the  diameter  of  the. injected  capillaries, 
compared  with  that  of  the  interspaces,  is  in  the  proportion  of  one  to 


Fiff.  IfiS. 


Ftg.l6«. 


FIr.  laS.— Network  of  capitlftfy  v€«sel»  of  the  nir-cellH  of  th*  horse's  lunsr  magnified,    o,  a« 
CaplLlarira  prooeedJnfT  from  h,  b,  trmiiiial  branchefl  ut  tisp  pulnionary  artery.   (Frey.) 

F%.  100.— Injected  capiUarj-  vesselH  of  tiiuBcle  seer*  i^ltb  ei  low  moij^fying  power.     (Shupej.) 

four,  or  of  one  to  three.  The  brain  receives  a  very  large  quantity  of 
blood;  but  its  capillaries  are  very  minnte,  and  are  less  numerous  than 
in  some  other  parts.  In  the  mucous  membranes — for  example  in  the 
conjunctiva  and  in  the  cutis  vera,  the  c-apillary  vessels  are  much  hirger 
than  in  the  brain,  and  the  interspaces  narrower, — namely,  not  more 
than  three  or  four  times  wider  than  the  vessels.  In  the  periosteum 
the  meshes  are  much  larger.  In  the  external  coat  of  arteries,  the  width 
of  the  meshes  is  ten  times  that  of  the  vessels. 

It  may  be  lield  us  a  genend  role,  that  the  more  active  the  functions 
of  an  organ  are,  the  more  vaseuhir  it  is,  Ilence  the  narrowness  of  the 
interspaces  in  all  glandular  organs,  in  mncous  membranes,  and  in  grow- 
ing  parts;  their  murh  greater  width  in  bones,  ligaments,  and  other  very 
tough  and  nomparatively  inactive  tissues;  and  i\\^  usually  complete 
absence  of  vessels  in  cartilage,  and  such  parts  as  those  in  which,  proba- 
bly, very  little  vital  change  occurs  after  they  are  once  formed. 
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The  Veins. 

Diatrihuiion. — The  venous  eystem  begias  in  small  vessels  which  are 
slightly  larger  than  the  capilhiries  from  which  they  spring.  These 
resseU  are  gathered  up  into  hirger  and  larger  trunks  until  they  termi- 
nate (aa  regards  the  systemic  cireuktion)  in  the  two  vena?  cavte  imd  the 
coronary  veins,  which  enter  the  right  auricle,  and  (as  regards  the  pul- 
monary circulation)  in  four  pulmonary  veins,  which  enter  the  left 
auricle.    The  total  capacity  of  the  veins  diminishes  as  they  approach 


^v 
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flfr.  leo— TrM»?crae section  through  n  bdiiiII  «rt**ry  und  vein  of  xhe-  mucous  metiifamne  of  a 
Dd'e  i?'piM:lotti«t  ^le  artery  is  tlikck-wailed  ati*!  i\w  \tnv\  thin  walled,  a.  Artery,  the  'etter  i«  placed 
llfaeltiiiien  of  tbeveveL    e.  EadiotheUnl  ct^lbiwHh    tuick-i  trl«!arl>  ^faible  ;  thesL'*  c«ILb  appviar  Terj 
lick  from   the  ooDtracied  state  of  the   vei*4el.     OmLsld*?  Jt  »  douiilt^  wavy  tine  jj?irk^  tlu-  ►^laatlc 
ttmica  intijiia.    nt.  Tunica  nifidia  cooMiistfug  of  un!ilri|ied  mujiculur  Hbr«!H  ctrcnl  uHr 

nuck<i  are  well  seen.    a.  Part  of  the  tunica  ad%'entltla  sluiwlug  lautnllm  of  rouh  '  in 

iHMHion,  with  the  cinnilar  nuclei  of  the  connect  fvdls^u**  coriiijifceleii^    ThlHCN  .        ii?ee 

Into  ih«  sunxmndlng  oomaectiTe-tisBue.  v.  In  the  lumen  of  the  vein.  The  other  Iniiii^rii  luJictito  the 
same  as  Ui  the  artery.  The  muscular  coat  of  the  ir«in  (m)  Is  seen  to  be  much  thinner  than  that  of 
the  artery,     x  350.    (Kleia  and  Noble  Soiltii.) 

the  heart;  hut,  as  a  rule,  their  capacity  exceeds  by  twice  or  three  times 
that  of  their  corresponding  arteries.  The  pulmonary  veins,  however, 
are  an  exception  to  this  rule,  as  tliey  do  not  exceed  in  capacity  tHe  pul- 
monary arteries.  The  veins  are  found  after  death  more  or  less  collapsed, 
and  often  contain  blood.  They  are  usually  distributed  in  a  superficial 
and  a  deep  set  which  comnninicate  frpqueiitly  in  their  course. 

Structure, — In  structure  the  coats  of  veins  bear  a  general  resemblance 

■    to  those  of  arteries  (fig.  160).     Thus,  they  possess  outer,  middle,  and 

H  internal  coats. 

H        The  outer  coat  is  constructed  of  areolar  tissue  like  that  of  the 
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arteries,  but  is  thicker.     In  some  veins  it  coDtaine  muscular  fibre-cells, 
which  lire  arranged  longitudinally- 

The  mitldle  coat  is  considerably  thinner  than  that  of  the  arteries;  it 
contains  circular  unstriped  muscular  fibres,  mingled  with  a  hirge  pro- 


Fl|p.  161,— DiA«T&ni  ahowisiF  vaJves  of  veins,  a,  pArt  of  &  vein  laid  open  and  spread  out,  with  two 
pBln  of  T&tTea,  b,  lontptudiual  a*tftioti  of  a  vein,  flliawlriic:  tbn  ivp}KiHiiii>D  of  the  adf^es  of  th«  vslvea 
In  tbelr  dosed,  fltatei  c%  portloti  of  a  cliHUmdi^l  veio,  exhibitini?  a  swHijag  In  liie  tiitiuLticMi  of  a  pair 
of  veItqb. 

portion  of  yellow  elastic  and  white  fibrous  tissue.  In  the  large  veins, 
near  the  heart,  namely  the  renfp  eavm  and  pulmonary  veins,  the  middle 
coat  is  replaced,  for  some  J i stance  from  the  hearty  by  circularly  arranged 
striped  muscular  fibres,  continuous  with  those  of  the  auricles. 


I 


Fig.  ItiS— A.  vein  wJtli  valves  oputi.    b.  vein  with  valves  clofned:   atream  of  blood  pasKlng  off  by 

lati^fa]  cllaainel.    (Dalbon . } 

The  intenfal  coat  of  veins  is  less  brittle  than  the  corresponding  coat 
of  an  artery^  but  in  other  respects  resembles  it  closely. 

Valves. — The  chief  influence  which  the  veins  have  in  the  circula- 
tion^ is  effected  with  the  help  of  the  valves,  contained  in  all  vein«  sub- 
ject to  local  pressure  from  the  muscles  between  or  near  which  they  ran. 
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The  general  construction  of  these  valves  is  similar  to  that  of  the  semi- 
lanar  valvea  of  the  aortn  and  pnlmonjirj  artery^  already  described ;  but 
their  free  margins  are  turned  in  the  opposite  direction,  i,  c,  toward  the 
heurt,  80  as  to  prevent  uny  movement  of  blood  backward.  They  are 
<x>mmonly  placed  in  pairs,  at  various  distiinces  in  different  veins,  but 
almost  uniformly  in  each  (fig.  IGl).  In  the  smaller  veins  single  valves 
are  often  met  with;  and  three  or  four  are  sometimes  placed  together,  or 
near  one  another,  in  the  largest  veins^ 
such  as  the  subclavian,  and  at  their  junc- 
tion with  the  Jugular  veins.  The  valves 
are  semilunar;  the  unattached  edge  be- 
ing in  some  examples  concave^  in  others 
^raight.  They  are  composed  of  inexten- 
Aile  fihrous  tissue,  and  are  covered  with 
endothelium  like  that  lining  the  veins. 
During  the  period  of  their  inaction,  when 
the  venous  blood  is  flowing  in  its  proper 
direction,  they  lie  by  the  sides  of  the  veins; 
but  when  in  action,  they  come  together 
like  the  valves  of  the  arteries  (figs.  IGl  and 
162),  Their  situation  in  the  superficial 
?ein«  of  the  forearm  is  readily  discovered 
by  pressing  along  its  surface,  in  a  direc- 
tion opposite  to  the  venous  current,  ij\j 
from  the  elbow  toward  the  wrist;  when 
little  swellings  (fig.  161,  c)  appear  in  the 
position  of  each  pair  of  valves.  These 
sweUmgs  at  once  disappear  when  the  pres- 
aore  is  removed. 

Valves  are  not  equally  numerous  in  all 
veins,  and  in  many  they  are  absent  al- 
together. They  are  most  numerous  in 
the  veins  of  the  extremities,  and  more 
so  in  those  of  the  leg  than  the  arm.  They  are  commonly  absent  in 
veins  of  less  than  a  line  in  diameter,  and,  as  a  general  rule  there 
are  few  or  none  in  those  which  are  not  subject  to  muscular  pres^ 
•are.  Among  those  veins  which  have  no  valves  may  be  mentioned  the 
superior  and  inferior  vena  cava,  the  trunk  and  branches  of  the  portal 
vain,  the  hepatic  and  renal  veins,  and  the  pulmonary  veins;  those  in  the 
interior  of  the  cninium  and  verteliral  column*  those  of  the  bones,  und 
the  trunk  and  branches  of  the  umbilical  vein  are  also  destitute  of  irtUves. 

L^fmphatit^  of  Arteries  and  VeinH, — Lymphatic  spaces  are  present 
in  the  coats  of  both  arteries  and  veins;  but  in  the  tunica  adventitia  or 
antemal  coat  of  large  vessels  they  form  a  distinct  plexus  of  more  or  less 


Fig.  KKl'-Burfjice  yiew  of  an  arterj- 
from  the  memmlery  of   a   frou,   ^a- 

flhfMtbed  In  a  iH^n  rnHr^n^ir  Ivrnnltnf  fe 

vmael.   o,  T'  lur 

miifleular  c-  hf 

broad,  trails^,    [  ,,  ,       ::j  an 

ind fruition  of  tiie  ativeiititii^  uutJE^ide. 
t.  Lvinphatie  vMa^l,  itawal)  b  aidm- 
pie  t-ndot  hp Ital  mctm bnuie.  <  Ik  l^ia  and 
Noble  8mith. 
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tubular  vessels.  In  smaller  vessels  they  appear  as  sinous  spacee  liiitf  1 
by  uudotheliam.  Sometimes,  as  in  the  arteries  of  the  omentum,  mesen* 
tery,  und  membnmes  of  the  brain,  in  the  pulmonary^  hepatic,  and  splenic 
arteriee,  the  spaces  are  continuous  with  vessels  which  distinctly  ensheath 
ihem^pcrivasciilar  li/mpkatic  sheaths  (fig.  163).  Lymph  channels  are 
said  to  be  present  also  in  the  tunica  media. 


The  Action  of  the  Heart. 

The  heart's  action  in  propelling  the  blood  consists  in  the  successive 
alternate  contraction  (systole)  and  relaxation  (diastole)  of  the  mus- 
cular walls  of  its  two  auricles  and  tw^o  ventriclee. 

Action  of  the  Auricles.— The  description  of  the  action  of  the 
heart  may  be  commenced  at  that  period  in  euch  cycle  which  imme- 
diately precedes  the  beat  of  the  heart  against  the  chest  wall.  The  whole 
heart  is  then  in  a  passive  state;  the  auricles  are  grtidually  filling  with 
blood  flowing  into  them  from  the  veins;  and  a  portion  of  this  blood  is 
passing  at  once  through  them  into  the  ventricles,  the  opening  between 
the  cavity  of  each  auricle  and  that  of  its  corresponding  ventricle  being, 
during  all  ihQ  panne ^  free  and  patent.  The  auricles,  however,  receiving 
more  blood  than  at  once  passes  through  them  to  the  ventricles,  become, 
near  the  end  of  the  pause,  fully  distended;  and  at  the  end  of  the  pause, 
they  contract  and  expel  their  contents  into  the  ventricles. 

The  contraction  of  the  auricles  is  sudden  and  very  cjuick;  it  com- 
mences at  the  entrance  of  the  groat  veins  into  them,  and  is  thence  prop- 
agated tow*ard  the  an riculo* ventricular  opening;  but  the  last  part  which 
contracts  is  the  auricular  appendix.  The  reflux  of  blood  into  the  great 
veins  during  the  auricular  systole  is  resisted  not  only  by  the  mass  of 
blood  within  them,  but  also  by  the  simultaneous  contniction  of  the 
muscular  coats  with  which  the  large  veins  ivte  provided  near  their  en- 
trance into  the  auricles,  Any  slight  regurgitation  from  the  right  auri* 
cle  is  limited  by  the  valves  at  the  junction  of  the  subclavian  and  internal 
jugular  veins,  beyond  which  the  blood  cannot  move  backward;  and  the 
coronary  vein  is  preserved  from  it  by  a  valve  at  its  mouth. 

The  force  of  the  blood  propelled  into  the  ventricle  at  each  auricular 
systole  is  transmitted  in  all  directions,  but  being  insufficient  to  open  the 
semilunar  valves,  it  is  expended  in  distending  the  ventricle. 

Action  of  the  Ventricles.—The  dilatation  of  the  ventricles  which 
proceeds  during  the  chief  part  of  the  dilatiitiou  of  the  auricles  is  com- 
pleted by  the  forcible  injection  of  the  contents  of  the  latter.  Thus 
distended,  the  ventricles  immediately  contract:  so  immediately,  indeed, 
that  their  systole  looks  as  if  it  were  continuous  with  that  of  the  auri- 
cles. The  ventricles  contract  much  more  slowdy  than  the  auricles,  and 
in   their   contraction    probably   always    thoroughly   empty  themselves, 
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differing  in  this  reqiect  from  the  anrinlee,  in  which,  even  after  their 
complete  contraction,  ii  snmll  quantity  «jf  blood  remains*  The  shape  of 
both  ventricles  during  systole  undergoes  an  aUeration,  tJie  left  i>roliably 
not  altering  in  length  but  to  a  certain  degree  in  brojidth,  the  diameter 
in  the  plane  of  the  base  being  diminiehed.  The  right  ventricle  does 
actually  shorten  to  a  smull  extent.  The  systole  haa  the  effect  of  diniin- 
isbing  the  diameter  of  the  base,  espedaJly  in  the  plane  of  the  auriculo- 
ventricular  Takes;  but  the  length  of  the  heart  as  a  whole  is  not  altered 
(Ludwig).  During  the  systole  of  the  Yentricles,  too,  the  aorta  and  pul- 
monary artery,  being  tilled  with  blood  by  the  force  of  the  ventricular 
action  against  considerable  resistance,  elongate  as  well  as  expand,  and 
the  whole  heart  moves  slightly  toward  the  right  and  forward,  twisting 
on  its  long  axis,  and  exposing  more  of  the  left  ventricle  anteriorly  than 
is  usually  in  front.  Wlien  the  systole  ends  the  heart  resumes  its  former 
position,  rotating  to  the  left  again  as  the  aorta  and  puhnonary  artery 
contract.  After  the  wliole  uf  the  blood  has  been  exjjelled  from  the 
Tentriclesy  the  walls  are  believed  to  remain  contracted  for  a  short  period 
before  the  rapid  re-dilatation  of  the  chambers  begin. 

Action  of  the  Valves. — (1)  The  Aurknh'Ventrirular, — The  dis- 
tention of  the  ventricles  with  hlmMl  lOMtinues  throughout  the  whole 
period  of  their  diastole.  The  auruulrj-vontricular  vidves  are  gradually 
brought  into  place  by  some  of  the  blood  getting  behind  the  cusps  and 
floating  them  up;  and  by  the  time  that  the  diastole  is  complete,  the 
valvee  are  no  doubt  in  apposition,  the  cumpletion  of  this  being  brought 
about  by  the  reflux  current  caused  by  the  systole  of  the  auricles.  This 
elevation  of  the  auriculo-ventntular  valves  is  materially  aided  by  the 
action  of  the  elastic  tissue  which  has  been  shown  to  exist  so  hirgely  m 
their  structure,  especially  on  the  ventricular  surface.  At  any  rate  at 
the  commencement  of  the  ventricular  systole  they  are  completely  closed. 
It  should  be  recollected  that  the  diminution  in  the  breadth  of  the  base 
of  the  heart  in  its  transverse  diameters  during  ventricular  systole  is 
especially  marked  in  the  neighborhood  of  the  auriculo-ventricniar  rings, 
and  this  aids  in  rendering  the  an riculo- ventricular  valves  competent  to 
cloae  the  openings,  by  greatly  diminishing  their  diameter.  The  mar- 
gins of  the  cuspB  of  the  valves  are  still  more  secured  in  apposition  with 
another,  by  the  simultaneous  contraction  of  the  musculi  papillares, 
whose  chord ie  tendinefe  have  a  special  mode  of  attachment  for  tliis 
object.  The  cusps  of  the  au riculo- ventricular  valvea  meet  not  by  their 
edges  only,  but  by  the  opposed  surfaceB  of  their  thin  outer  borders. 

The  form  and  position  of  the  fleshy  columns  on  the  internal  walls  of 
the  ventricle  no  doubt  help  to  produce  the  obliteration  of  the  ventricu- 
lar caTity  during  contraction;  and  the  completeness  of  the  closure  may 
often  be  observed  on  making  a  transverse  section  of  a  heart  shortly 
after  death,  in  any  ease  in  which  rigar  rtmrtint  is  very  marked  (fi^g*  149)* 

13 
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In  such  a  case  only  a  central  fissure  may  be  discernible  to  the  eye  in  the 
place  of  the  cavity  of  each  ventricle. 

If  there  were  only  circular  fibres  forming  the  ventricular  wall,  it  is 
evident  that  on  systole  the  ventricle  would  elongate;  if  there  were  only 
longitudinal  fibres,  the  ventricle  would  shorten  on  systole;  but  there 
are  both.  The  tendency  to  alter  in  length  is  thus  counterbalanced, 
and  the  whole  force  of  the  contraction  is  expended  in  diminishing  the 
cavity  of  the  ventricle;  or,  in  other  words,  in  expelling  its  contents. 

On  the  conclusion  of  the  systole  the  ventricular  walls  tend  to  expand 
by  virtue  of  their  elasticity,  and  a  negative  pressure  is  set  up,  which 
tends  to  suck  in  the  blood.  This  negative  or  suctional  pressure  on  the 
left  side  of  the  heart  is  of  the  highest  importance  in  helping  the  pul- 
monary circulation.  It  has  been  found  to  be  equal  to  23  mm.  of  mer- 
cury, and  is  quite  independent  of  the  aspiration  or  suction  power  of  the 
thorax  itself,  which  will  be  described  in  a  later  chapter. 

The  musculi  papillares  prevent  the  auriculo- ventricular  valves  from 
being  everted  into  the  auricle.  For  the  chordae  tendinese  might  allow 
the  valves  to  be  pressed  back  into  the  auricle,  were  it  not  that  when  the 
wall  of  the  ventricle  is  brought  by  its  contraction  nearer  the  auriculo- 
ventricular  orifice,  the  musculi  papillares  more  than  compensate  for  this 
by  their  own  contraction — holding  the  chords  tight,  and,  by  pulling 
down  the  valves,  adding  slightly  to  the  force  with  which  the  blood  is 
expelled. 

These  statements  apply  equally  to  the  auriculo- ventricular  valves  on 
both  sides  of  the  heart;  the  closure  of  both  is  generally  complete  every 
time  the  ventricles  contract.  But  in  some  circumstances  the  tricuspid 
valve  does  not  completely  close,  and  a  certain  quantity  of  blood  is 
forced  back  into  the  auricle.  This  has  been  called  the  safety- valve^act ion. 
The  circumstances  in  which  it  usually  happens  are  those  in  which  the 
vessels  of  the  lung  are  already  completely  full  when  the  right  ventricle 
contracts,  as,  e,g,,  in  certain  pulmonary  diseases,  in  very  active  exertions, 
and  in  great  efforts.  In  these  cases,  the  tricuspid  valve  does  not  com- 
pletely close,  and  the  regurgitation  of  the  blood  may  be  indicated  by  a 
pulsation  in  the  jugular  veins  synchronous  with  that  in  the  carotid 
arteries. 

It  has  been  shown  that  the  commencement  of  the  ventricular  systole 
precedes  the  opening  of  the  semilunar  valves  by  a  fraction  of  a  second. 
This  would  seem  to  show  that  the  intraventricular  pressure  does  not 
exceed  the  arterial  pressure  until  the  systole  has  actually  begun,  for  the 
opening  of  the  valves  takes  place  at  once  when  there  is  a  distinct  differ- 
ence in  favor  of  the  intraventricular  over  the  arterial  pressure,  and  con- 
tinues open  only  as  long  as  this  difference  continues.  When  the  arterial 
begins  to  exceed  the  intraventricular  pressure,  there  is,  as  it  were,  a 
reflurof  blood  toward  the  heart,  and  the  valves  close.     The  dilatation 
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ol  the  arteries  ib^  in  a  peculiar  manner,  adapted  to  bring  thia  nbout 
The  lower  borders  of  the  aemiluuiir  Tiilves  iire  attached  to  the  inner 
surface  of  the  tendinous  ring,  whinh  is,  as  it  were^  inlaid  at  the  orifice 
of  the  artery,  between  the  muscular  fibres  of  the  ventricle  and  the 
elastic  fibres  of  the  walls  of  the  artery.  The  tissue  of  this  ring  is  tough, 
and  does  not  admit  of  extension  under  such  pressure  as  it  is  commonly 
exposed  to;  the  valves  are  equally  inextensile,  being,  as  already  men- 
tioned, formed  mainly  of  tough,  close-textured,  fibrous  tissue,  with 
strong  interwoven  cords.  Hence,  when  the  ventricle  propels  blood 
tbrongh  the  orifice  and  into  the  canal  of  the  artery,  the  lateral  pressure 
whioh  it  exercises  is  sufficient  to  dilate  the  walla  of  the  artery,  but  not 
enough  to  stretch  in  an  equal  degree,  if  at  all,  the  unyiehliug  valves  and 
the  ring  to  which  their  lower  borders  are  attached.  The  effect,  there- 
fore, of  each  each  propulsion  of  blood  from  the  ventricle  is,  that  the 
wall  of  the  first  portion  of  the  artery  is  dilated  into  three  pouches  behind 


,  ISC— Sections  of  aorta,  to  show  the  net  ion  of  tbe  semiluaiu'  valve«.  a  b  fDteaded  to  show 
-^^  .  —  rtm,  represeoted  by  thn  dotted  line*,  lyiinf  near  the  arieri&L  walK  r^preat^nteii  by  ih^^couiln- 
UCPUS  outer  Hoe.  b  lifter  Hynrerji  shonn  tlvr*  urifrial  waU  di»t«Dded  ti^to  itirit^  pouclien  (rj  u  nm) 
drmwti  awav  from  the  valves,  which  are  t»traight,eii«d  inUJ  the  form  of  an  tfquiiaterai  triangle  as 
rppTMBntpd  by  the  dotted  ihii^.  - 


I 


I 


the  Tal?es,  while  the  free  margins  of  the  valves  are  dniwn  inward  toward 
its  centre  (fig*  164»  n).  Their  positions  may  be  explained  by  the  di:i- 
gnvras,  in  which  the  continuous  lines  represent  a  tninsverse  section  of 
the  arterial  walls,  the  dotted  ones  the  edges  of  the  valves,  firstly,  when 
the  valves  are  nearest  to  the  walk  (a),  as  in  the  dead  heart,  and,  sec- 
ondly, when,  the  walls  being  dilated,  the  valvea  are  dmwn  away  from 
them  (b). 

This  position  of  the  valves  and  arterial  walls  is  retained  so  long  as 
the  ventricle  continues  in  contraction:  but  as  soon  as  it  relaxes, and  the 
dilated  arterial  walls  can  recoil  by  their  elasticity,  the  blood  is  forced 
backward  toward  the  ventricles  and  onward  in  the  course  of  the  circu- 
lation. Part  of  the  blood  thus  forced  back  lies  in  the  pouches  (sinuses 
of  V^alsalva)  {n,  fig.  1(14,  R)  between  the  valves  and  the  arterial  walls; 
and  the  valves  are  by  it  pressed  together  till  their  thin  hmated  margins 
Dicet  in  three  lines  radiating  from  the  centre  to  the  circumference  of 
the  artery  (7  and  8,  fig.  US). 

The  contact  of  the  valvea  in  this  position  and  the  complete  closure 
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of  the  arterial  orifice  are  secured  by  the  peculiar  construction  of  their 
borders  before  mentioned.  Among  the  cords  which  are  interwoYen  in 
the  substance  of  the  valve  are  two  of  greater  strength  and  prominence 
than  the  rest;  of  which  one  extends  along  the  free  border  of  each  valye, 
and  the  other  forms  a  double  curve  or  festoon  just  below  the  free 
border.  Each  of  these  cords  is  attached  by  its  outer  extremities  to  the 
outer  end  of  the  free  margin  of  its  valve^  and  in  the  middle  to  the 
corpus  Arantii;  they  thus  enclose  a  lunated  space  from  a  line  to  a  line 
and  a  half  in  widths  in  which  space  the  substance  of  the  valve  is  much 
thinner  and  more  pliant  than  elsewhere.  When  the  valves  are  pressed 
down,  all  these  parts  or  spaces  of  their  surfaces  come  into  contact,  and 
the  closure  of  the  arterial  orifice  is  thus  secured  by  the  apposition  not 
of  the  mere  edges  of  the  valves,  but  of  all  those  thin  lunated  parts  of 
each  which  lie  between  the  free  edges  and  the  cords  next  below  them. 
These  parts  are  firmly  pressed  together,  and  the  greater  the  pressure 
that  falls  on  them  the  closer  and  more  secure  is  their  apposition.  The 
corpora  Arantii  meet  at  the  centre  of  the  arterial  orifice  when  the  valves 
are  down,  and  they  probably  assist  in  the  closure;  but  they  are  not 
essential  to  it,  for,  not  unfrequently,  they  are  wanting  in  the  valves  of 
the  pulmonary  artery,  which  are  then  extended  in  larger,  thin,  flapping 
margins.  In  valves  of  this  form,  also,  the  inlaid  cords  are  less  distinct 
than  in  those  with  corpora  Arantii;  yet  the  closure  by  contact  of  their 
surfaces  is  not  less  secure. 

Cafjdiac  Cycle. — Taking  72  as  the  average  number  of  cardiac  evolu- 
tions per  minute,  each  revolution  may  be  considered  to  occupy  f  of  a 
second,  or  about  .8,  which  may  be  approximately  distributed  in  the 
following  way : — 

Auricular  systole,  about    .  1  +  Auricular  diastole    .  .         .     .  7  =  .  8 
Ventricular  systole    "         .3  +  Ventricular  diastole    .         .  .5  =  .8 

Period  of  joint  auricular 
and  ventricular  diastole  .4  +  Period  of  systole  of 

auricles  or  ventricles  .         .     .4  =  .8 

If  the  speed  of  the  heart  be  quickened,  the  time  occupied  by  each 
cardiac  revolution  is  of  course  diminished,  but  the  diminution  affects 
only  the  diastole  and  pause.  The  systole  of  the  ventricles  occupies  very 
much  the  same  time,  whatever  the  pulse-rate. 

The  exact  period  in  which  the  several  valves  of  the  heart  are  in 
action  is  a  matter  of  some  uncertainty;  the  auriculo-ventricular  valves 
are  probably  closed  during  the  whole  time  of  the  ventricular  contrac- 
tion, while,  during  the  dilatation  and  distention  of  the  ventricles,  they 
are  open.  The  semilunar  valves  are  only  certainly  open  during  the 
middle  period  of  the  ventricular  contraction. 
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The  Sounds  of  the  Heart. 


When  the 


:)  laced 


'the 


ear  is  placed  over  the  region  of  the  heart,  two  munrh^  may 
be  heard  at  evt?ry  beat  of  the  heart,  which  foUow  in  quiek  succession, 
and  are  succeeded  by  a  panst*  or  period  of  silence.  The  first  sound  ia 
dull  and  prolonged;  its  commencement  coincides  with  the  impulse  of 
the  heart  against  the  chest  wall,  and  just  precedes  the  pulse  at  the  wrist. 
!  The  second  ia  shorter  and  sharper,  with  a  somewhat  flapping  character, 
I  and  follows  close  after  the  arterial  pulse.  The  periods  of  time  occupied 
respectively  by  the  two  rounds  taken  together  and  by  the  pause*  are 
nearly  equal.  Thus,  according  to  Walshe,if  the  cardiac  cycle  bo  divided 
into  tenths,  the  first  sound  occupies  ^\  the  second  sound  ^^\  the  first 
pause  (almost  imperceptible)  j^^,;  and  the  second  pause  -,\,  The  relative 
length  of  time  occupied  by  each  sound,  as  compared  with  the  other,  is 
a  little  uncertain-  The  ditlerence  may  be  best  appreciated  by  consider- 
ing the  different  forces  concerned  in  the  production  of  the  two  sounds* 
In  one  case  there  is  a  strong,  comparatively  slow,  contraction  of  a  large 
mass  of  muscular  fibres,  urging  forward  a  certain  quantity  of  fiuid 
against  considerable  resistance;  while  in  the  other  it  is  a  strong  but 
ahorterand  sharper  recoil  of  the  elastic  coat  of  the  large  arteries — shorter 
because  there  is  no  resistance  to  the  flapping  back  of  the  semilunar  valves, 
as  there  was  to  their  opening.  The  sounds  may  be  expressed  by  the 
words  lubb — dtip. 

The  events  which  correapond,  in  point  of  time,  with  ih^  first  sound, 
are  (1)  the  contraction  of  the  ventricles,  (2)  the  first  part  of  the  dilata- 
tion of  the  auricles,  (3)  the  tension  of  the  auriculo-ventricnlar  valves, 
(4)  the  opening  of  the  semilunar  valves,  and  (5)  the  propulBion  of  blood 
into  the  arteries.  The  sound  is  succeeded,  in  about  one-thirtieth  of  a 
second,  by  the  pulsation  of  the  facial  arteries,  and  in  about  one- sixth  of 
a  second,  by  tiie  pulsation  of  the  arteries  at  the  wrist  The  semml  sound, 
in  point  of  time,  immediately  follows  the  cessation  of  the  ventricular 
contraction,  and  corresponds  with  {a)  the  tension  of  the  semilunar 
valves,  (A)  the  continued  dilatation  of  the  auricles,  {r)  the  commencing 
dilatation  of  the  ventricles,  and  (d)  the  opening  of  the  auriculo-ventric- 
ular  valves.  The  pause  immediately  follows  the  second  sound,  and 
corresponds  in  its  first  pirt  with  the  completed  distention  of  the  auri- 
cles, and  hi  i7.^  nerotttl  with  their  contraction,  and  the  completed  disten- 
tion of  the  ventricles;  the  auriculo-ventricular  valves  being  all  the  time 
of  the  pause  open,  and  the  arterial  valves  closed. 

Causes.— The  exact  cause  of  the  first  sound  of  the  heart  is  not 
known.  Two  factors  probably  enter  into  it,  viz.,  firstly  (he  ribrfrlion 
0/  the  auricnlO'VintricuIar  tmlves  and  of  the  chordie  tendinesB.  This 
Tibration  is  produced  by  the  increased  intm ventricular  pressure  set  up 
when  the  Yentricular  systole  commences^  which  puts  the  valves  on  the 
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stretch.  The  question  wliether  this  Btretched  condition  of  the  valye 
continues  throughout  the  whole  of  the  Tentricuhir  ey stole  cannot  be  ■ 
definitely  settled,  but  if  it  does  not.  the  valvuhir  element  may  possibly 
take  part  in  the  production  of  the  first  part  of  the  first  sound  only.  It 
is  not  unlikely  too  that  the  vibration  of  the  ventricular  walls  tbcmselvee, 
and  of  the  aorta  and  pulmonury  artery,  all  of  which  parts  are  suddenly 
pot  into  a  state  of  tension  at  the  moment  of  ventricular  contraction, 
may  have  some  part  in  producing  the  firi*t  sound.  Secondly,  the  mus- 
cular  mund  produced  by  contmction  of  the  mass  of  muscular  fibres 
which  form  the  ventricle.  Looking  upon  the  contraction  of  the  heart 
as  a  single  contraction  and  not  as  a  series  of  contractions  or  tetanus.  \i 
ia  at  first  sight  difficult  to  see  why  there  should  be  any  muscular  sound 
at  all  when  the  heart  contracts,  as  contraction  of  a  single  muscle  does 
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Fig".  165.— Schemf?  of  cardiac  cjcle.    The  inner  oin  U    -  h 
lieort;  tJieoiittT  the  relatlou  of  the  iusuiids  and  |jaii>i's  ;  ■  : 


the  eTentR  which  occur  wlchJn the 
f'veiiUi,    (Sb&rpey  &ad  Oftirdner. ) 


not  produce  sound.  It  has  been  suggested,  however,  that  it  arises  from 
the  repeated  unequal  tension  produced  when  the  wave  of  muscuhir  con- 
tractions passes  along  the  very  intricately  arranged  fibres  of  the  ventric- 
ular walls.  The  valvular  element  is  probably  the  more  important  ol 
the  two  factors. 

The  cause  of  the  second  sound  is  more  simple  than  that  of  the  first* 
It  16  entirely  due  to  the  vibration  consequent  on  the  sudden  closure  of 
the  semilunar  valves  when  they  are  pressed  down  across  the  orifices  of 
the  aorta  and  pulmoiuiry  artery*  The  influence  of  these  valves  in  pro- 
ducing the  sound  was  first  demonstrated  by  Hope  who  experimented 
with  the  hearts  of  calves.  In  these  experiments  two  delicate  curved 
needles  were  inserted,  one  into  the  aorta,  and  another  into  the  pulmo- 
nary artery,  below  the  line  of  attachment  of  the  semilunar  valves,  and, 
after  being  carried  upward  about  half  an  inch,  were  brought  out  again 
through  the  coats  of  the  respective  vessels,  so  that  in  each  vessel  one 
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Talve  wa«  included  between  the  arterial  walls  and  the  wire.  Upon  ap- 
plying the  stethoscope  to  the  vessels,  after  eiifh  an  operation,  the  eec^ud 
Bound  had  ceased  to  be  audible.  Disejiae  of  these  valves,  wlum  sufficient 
to  interfere  with  their  efficient  action,  also  demonstrates  the  same  fact 
by  modifyiDg  the  valvular  cause  of  the  seeonti  sound  or  destroying  its 
distmotDesB. 

One  reason  that  the  second  sound  is  clearer  and  sharper  than  tlie  lirst 
may  be,  that  the  semilunar  vsilves  are  not  covered  in  by  the  thick  hiyer 
of  fibres  composing  the  walls  of  the  heart  to  such  an  extent  as  are  the 

Iauriculoventricular.  It  might  be  expected  therefore  that  their  vibra- 
tion would  be  more  easily  heiird  by  means  of  a  stethoscope  applied  to 
the  walls  of  the  chest. 

The  contraction  of  the  auricles  which  takes  place  in  the  end  of  the 
pause  is  inaudible  outside  the  chest,  but  may  be  heard,  when  the  heart 
is  exposed  and  the  stethoscope  placerl  on  it,  as  a  slight  sound  preceding 
aad  continued  into  the  louder  sound  of  the  ventricular  contraction. 

■ 

W  With  each  contraction  the  heart  may  be  felt  to  beat  with  a  slight 
■  shock  or  t'mpuhe  against  the  walls  of  the  chest.  The  force  of  the  im- 
pulse and  the  extent  to  which  it  may  be  perceived  beyond  this  point 
vary  considerably  in  different  individuals^  and  in  the  same  individual 
under  different  circumstances.  It  is  felt  more  distinctly,  and  over  a 
larger  extent  of  surface,  in  emaciated  than  in  fat  and  robust  persons, 
and  more  during  a  forced  expinitioii  than  in  a  deep  inspiration;  for,  in 
the  one  case,  the  intervention  of  a  thick  layer  of  fat  or  muscle  betiveen 
the  heart  and  the  surface  of  the  chest,  and  in  the  other  the  inflation  of 
the  portion  of  lung  which  overlaps  the  heart,  prevents  the  impulse  from 
being  fully  transmitted  to  the  surface.  An  excited  action  of  the  heart, 
and  especially  a  hypertrophied  condition  of  the  ventricles,  will  increase 
the  impulse;  while  a  depressed  condition,  or  an  atrophied  state  of  the 
ventricular  walls,  will  diminish  it. 

ICauss  of  ilw  Imjmhe. — ^Dnring  the  period  which  precedes  the  ven- 
tricular systole  the  apex  of  the  heart  is  situated  upon  the  diaphragm  and 
against  the  chest- wall  in  the  fifth  intercostal  space.  When  tiie  ventri* 
cles  contract,  their  walls  become  hard  and  tense,  since  to  expel  their 
contents  into  the  arteries  is  a  distinctly  laborious  action,  as  it  is  resisted 
by  the  elasticity  of  the  vessels.  It  is  to  this  sudden  hardening  that  tbe 
impulse  of  the  heart  against  the  chest-wall  is  due,  and  the  shock  of  the 
sudden  tension  may  be  felt  not  only  externally,  but  also  internally,  if 
the  abdomen  of  an  animal  be  opened  and  the  finger  be  phiced  upon  the 
under  surface  of  the  diaphragm,  at  a  point  corresponding  to  the  under 
surface  of  the  ventricle.     The  shock  is  felt,  and  possibly  seen  more  dig- 
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tinctly  because  of  thB  purtial  roiation  of  the  heart,  already  spoken  of,  ^ 
along  its  long  axis  toward  the  right.  The  movement  produced  by  the  I 
yentricnlar  eontraetion  against  the  chest-wull  may  he  registered  by  meang 
of  an  inetrunient  called  the  canliogrttphy  and  it  will  be  found  to  corre- 


Tube  to  cofnnmnlcate 
with  tjunbour. 


Ivory     Tape  to  attach  the  Lnstnimeat 
knob.  to  Che  chctt. 


TTrnpaaun]. 
Fig.  106.— Cardiograph.    (Saudersoii**.) 


spond  almost  exactly  with  a  tracing  obtained  by  the  game  instrnnient 
applied  over  the  contracting  ventricle  itself. 

The  Cardiograph  (tig.  166)  conjiata  of  a  cup-shaped  metal  box  over  the  open 
frout  i>f  vvhi<  h  is  stretched  an  elastic  India-rubber  membrane,  ujkju  which  is 
fixed  a  small  knob  of  hard  wcxmI  or  ivory.  This  knob,  however,  may  he  at- 
tached, as  in  the  figure,  to  the  side  of  the  l>ox  hy  nieana  of  a  spring,  and  may 
be  made  to  act  upon  a  metal  disc  attached  to  the  elastic  membrane. 


Screw  to  reKulat«  elevatioti  of  lever. 


WriUQji  lever. 


Tambour, 


Tube  to  cardlograpli. 


F[f^.  IfiT.— Mare jr's  Tambour,  t**  which  the  mov«»ment  of  the  column  of  air  In  thp  first  tympimiim 
is  etni»hict«*il  by  a  tube,  and  from  which  it  iii  t-otjujiuuieflttMl  by  f  he  lever  to  a  revoivloif  cylinoeri  ao 
thai  th<?  tracJDi^  of  the  movement  of  the  htipulso  \x^t  is  ubtaiued. 

The  knob  (a)  ie  for  application  to  the  chest- wall  over  the  place  of  the  great- 
est impulse*  of  the  heart.  The  box  or  lymjmnum  comiBunicates  by  means  of 
an  air-tij?ht  tube  with  the  interior  of  a  second  tympsinum.  in  connection  with 
which  iH  a  loriR  and  light  lever  in).  The  shock  of  the  heart's  inipulise  being 
communicated  to  the  ivory  knob,  and  through  it  to  the  first  tympanum^  the 
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\  effect  is,  of  course,  at  once  transmitted  by  the  cnlumn  of  air  in  the  elastic  tube 

I  |i>  the   interior  of   the  secoad  tympany ni,  aJfio  cloeed,  and  through  the  elastic 

,  morable  lid  of  the  latter  to  the  lever,  wliich  is  placetl  to  connectiou  with 

in  liKgi&tiiiTing  apparatus.     This  gen^Tally  cutisists  of  a  cylinder  or  drum  covered 

with  amoked  paper*  revolving  by   chiek-work  with   a  definite  velocity.     Tlie 

point  of  the  lever  writes  upon  tlie  paper,  and  a  tracing  of  tlie  heart's  impiila^? 

or  cardio^am  is  thus  obtaini^d. 

By  phiciniiC  three  small  India  rubber  air  l^ags  or  cardiac  Bcmnds  in  the  interior 
tively  of  the  right  auricle  and  the  right  ventricle,  antl  in  an  interc*>8tal 
nptiee  in  front  of  tlie  ht^rt  of  liviDg  animals  (horse),  and  placing  these  ba^s, 
by  means  of  long,  narrow  tulies,  in  cotiimunication  with  three  levers,  arranged 
one  over  tlie  otiier  in  connection  with  u  regi«teriug  ap^mratus  (%  168).  Chau- 
Tpau  and  Marey  have  been  able  to  record  and  measure  with  much  accuracy  the 
variations  of  the  endocardial  prea^nre  and  the  comparative  duration  of  the 
cxmtnctione  of  the  auricies  and  ventricles.     By  meana  of  the  same  apfMratus, 


Wig,  IQS. — iipparatun  ot  MM.  CluMiTe*u  And  Mare^'  for  t^glLmatini;  the  vuiatloos  of  eniSooArdial 
preuure,  atul  pnniucxkm  uf  irupuJse  or  tlie  h«art. 


the  synchroniam  of  the  impulse  with  the  contraction  of  the  ven^icles,  is  also 
well  iihown ;  and  the  causes  of  the  t*everal  vibrations  of  which  it  is  really  com- 
posed, have  been  demonstrated. 

Ill  the  tracing  (fig,  169),  t!ie  interviils  between  the  vertical  lines  rep- 
resent periods  of  a  tenth  of  a  second.  The  imrts  on  which  any  given 
vertical  liJie  falls  represent  simoltnneous  events.  It  will  be  seen  that 
the  contraction  of  the  auricle,  indictited  by  the  marked  curve  at  a  in 
first  tracing,  causes  a  slight  increase  of  pressure  in  the  ventricle,  which 
is  shown  at  a'  in  the  second  tracing,  and  produces  also  a  slight  impulse, 
which  is  indicated  by  a'  in  the  third  tracing.  The  closure  of  the  semi- 
lunar valves  causes  a  momentarily  increased  pressure  in  the  ventricle  at 
d',  affects  the  pressure  in  the  auricle  D,  and  is  also  shown  in  the  trac- 
ing of  the  impulse  d'. 

The  large  curve  of  the  ventricular  and  the  impulse  tracings,  between 
a'  and  d',  and  a*  and  u',  are  caused  by  the  ventricular  contraction,  while 
the  smaller  undulations,  between  b  and  c,  n'  and  v\  b'  and  c',  are 


U 


186 


Handbook  of  physiology. 


caused  by  the  vibratiouB  consequent  on  the  tightening  and  closure  of 
the  aurictilo-ventncular  valves. 

It  seems  by  no  nieiioB  certain  that  Marey's  cnrves  properly  represent 
the  vuriations  in  intraventricular  pressure.  Much  objection  has  been 
taken  to  his  method  of  investigation.  Firstly,  because  his  tambour  ar» 
ran  gem  en  t  does  not  admit  of  both  positive  and  negative  pressure  being 
simultaneously  reeonJetL  Second iy,  becjiuse  the  method  is  only  applicable 
to  large  animals,  such  aa  the  horse.  And  thirdly,  becjiuse  the  intraven- 
tricular changes  of  pressure  are  commnnicated  to  the  reeording  tambour 
by  a  long  elastic  column  of  air;  iind  fourthly,  because  the  tambour  ar- 
rangement has  a  tendency  to  record  inertia  vibrations.  JI.  D.  Rolleston,  H 
who  has  pointed  out  the  above  imperfections  of  Marey's  method,  has  re-  < 
investigated  the  subject  with  a  more  suitable  apparatus.     The  method 
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FIf.  !••.— TrBtelngR  of   (I),  Intra-anricular.  and  «*Ii,  Intra  venlrit'itlar  prfssurea,  and  (3\  of  the  Im- 
pobi&of  tbe^  heart,  to  be  reait  from  It^ft   t'>  rfj^ht,  olitainetJ  by  i  "hanxf^mi  imd  Malay's  apporatuti. 

adopted  by  Rolleston  is  as  follows;  a  window  is  made  in  the  chest  of 
an  anesthetized  and  eurarized  animal,  and  an  appropriately  curved  glass 
canula  introduced  through  an  opening  in  the  auricular  appendix. 
The  canula  is  then  pa&sed  through  the  auriculo-ventricular  orifice  with- 
out causing  any  apirreciable  regurgitation,  into  the  auricle,  or  it  may  be 
introduced  into  the  cavity  of  the  right  or  left  ventricle  by  an  opening 
mail^  in  the  apex  of  the  heart.  In  some  experiments  the  trocar  is 
pUBihed  through  the  chest  wall  into  the  ventricular  cavity.  The  appa- 
ittkiis  is  filled  with  a  solution  of  leech  extract  in  .75  per  cent  saline  so- 
kitioB,  or  with  a  solution  of  sodium  bicarbonate  of  specific  gravity  1083. 
TiiP  antmalB  employed  were  chiefly  dogs.  The  movement  of  the  column 
U«odk  communicated  to  the  writing  lever  by  means  of  a  vulr^inite 
"^^HBMin  whidi  moves  with  little  friction  in  a  brass  tube  connected  with 

^i^ltlas  Qaauia  by  means  of  a  short  connecting  tube.  ■ 

^  M  lower  part  of  the  tube  (a)  is  placed  in  communication  with 

^1,  jmties  of  the  heart,  the  movement*?  of  the  piston  are  re* 
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oord©4'%y  ineans  of  the  lever  (c).  Attached  to  the  lever  is  a  section  of 
u  pQlley  (h),  tlie  axis  of  which  coincides  with  that  of  the  steel  ribbon 
(E);  while,  finuly  tixed  to  the  piston,  is  the  curved  steel  piston  rod  (1), 
from  the  top  of  which  a  strong  silk  thread  (j)  pusses  downward  into  the 
groove  on  the  pulley. 

This  thread  (j),  after  being  twisted  several  times  round  a  small  pin 
ftt  the  side  of  the  lever,  enters  the  groove  iu  the  pulley  from  above  dowu- 
|ward»  and  then  passes  to  be  fixed  to  the  lower  part  of  the  curve  on  the 
piston-rod  as  shown  in  the  smaller  fi^ire. 

The  rise  and  fall  of  the  lever  (c)  is  controlled  by  the  resistance  to 


Tig,  170.— AppftratuB  for  rvcordins  the  eadocai  dial  prensure.    (BolteBton.) 


torsion  of  the  steel  ribbon  (e),  to  the  middle  of  which  one  end  of  the 
le?er  is  secnrely  fixed  by  a  light  screwr  clamp  (f).  At  some  distance 
from  this  clamp — the  distance  varying  with  the  degree  of  resistance 
which  it  is  desired  to  give  to  the  movements  of  the  lever — are  two  hold- 
ers (q.o')  which  securely  chimp  the  steel  ribbon. 

As  the  torsion  of  a  steel  wire  or  strip  follows  Hooke's  law,  the  tor- 
sion being  proportional  to  the  twisting  force — the  movements  of  the 
lever  point  are  proportional  to  the  force  employed  to  twist  the  steel  strip 
or  ribbon — in  other  words  to  the  pressures  which  act  on  the  piston  (b). 

To  make  it  possible  to  record  satisfactorily  the  very  varying  ventric- 
ular and  auricular  pressures,  the  resistance  to  torsion  of  a  steel  ribbon 
adapts  itself  very  conveniently. 
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This  resistanoe  on  be  raried  in  two  wayt,  Ist,  by  using  one  6r  more 
pieces  of  steel  ribbon  or  by  usnif  strips  of  different  thickneues;  or  2d, 
by  varying  the  distance  between  the  holders  (0.0)  and  the  cenlPral  part 
of  the  steel  ribbon  to  which  the  lever  is  attached. 

BoUeston's  conclusions  arc  as  follows : — 

1.  That  there  is  no  distinct  and  sepM^ate  auricular  eontftttion 


Fig.  171.— Endocardia]  prenure-carve  from  the  left  Tentrlde.  The  thorax  was  opened  and  a 
canula  introduced  through  the  apex  of  the  Tentride:  abedasa  is  line  of  atmospheric  pressure,  a 
to  D  represents  ventricular  contraction :  from  d  to  the  next  rise  at  o  represents  the  Tentricular 
diastole.  The  notch  at  the  top  of  which  is  f  Is  a  post-ventricular  rise  in  pressure  from  below  that 
of  the  atmosphere  and  not  a  pre-eystoUc  or  auricular  rise  in  pressure. 

marked  in  the  curves  obtained  from  either  right  or  left  ventricles,  the 
auricular  and  ventricular  rises  of  pressure  being  merged  into  one  con- 
tinuous rise. 

2.  That  the  auriculo-ventricular  valves  are  closed  before  any  great 
rise  of  pressure  within  the  ventricle  above  that  which  results  from  the 
auricular  systole  {a,  fig.  172).    The  closure  of  the  valve  occurs  probably 


Fig.  ITS.—Ourve  with  dicrotic  summit  from  left  ventricle;  abscissa  shows  atmMpherIc  preflBore. 


in  the  lower  third  of  the  rise  a  b  (fig.  172),  and  does  not  produce  any 
notch  or  wave. 

3.  That  the  semilunar  valves  open  at  the  point  in  the  ventricular 
systole,  situated  (at  o)  about  or  a  little  above  the  junction  of  the  mid- 
dle or  upper  third  of  the  ascending  line  (a  b),  and  the  closure  about  or 
a  little  before  the  shoulder  (d). 

4.  That  the  minimum  pressure  in  the  ventricle  may  fall  below  that 
of  the  atmosphere,  but  that  the  amount  varies  considerably. 
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Frequency  and  Force  of  the  Heart*s  Action* 

The  heart  of  a  healthy  adult  mun  contracts  about  72  times  in  a 
minute;  but  many  circumstanceB  cause  this  rate,  which  of  course  cor- 
na^onda  with  that  of  the  arterial  pulse,  to  vary  even  in  health^  The 
chief  are  age,  temperament,  sex,  food  and  drink,  exercise,  time  of  day* 
posture,  atmospheric  pressure,  temperature;  as  follows:— 

(1.)  A^i\ — The  Irecjuency  of  the  heart's  action  gradually  diminishes 
from  the  commencement  to  near  the  end  of  life,  but  ia  aaid  to  rise 
aguin  somewhat  in  extreme  old  age,  thus : — 


Befare  birth  tJie  arera^e  number  of 

pulaatioDs  per  minute  is    IttO 
Just  after  birt'  from  140  to 


During  the  i\y 
During    the     ... ,..ii.i 

year 
During  the  third  year 


130 

im)  U)  Its 


iir)  to 
loo  to 


lOU 

m 


About     the     seventh 

year  .  .  .  from  00  to  85 
AlKmt  the   fourteenth 

year  85  to  80 

In' adult  age        .         ,  &}  Uy  70 

In  old  age            .         .  7U  to  60 

In  iJf»cr€*pitude    ,  75  u>  »15 


(^)  Temperament  and  Sex, — In  persons  of  sanguine  temperament, 
the  heart  acts  somewhat  more  frequently  than  in  those  of  the  phleg- 
matic; and  in  the  female  sex  more  frequently  than  in  the  mule. 

(3  and  4.)  Food  and  Drink,  Exercise. — After  a  meal  the  heart's 
action  is  accelerated,  and  still  more  so  during  bodily  exertion  or  mental 
excitement;  it  is  slower  during  sleep. 

(5.)  Diurnal  Variation.— lu  health  the  pulse  is  most  frequent  in  the 
morning,  and  becomee  gradually  slower  as  the  day  advances:  and  this 
diminution  of  frequency  is  both  more  regular  and  more  rapid  in  the 
evening  than  in  the  morning. 

(6,)  Posture,— The  pulse,  as  a  general  rule,  especially  in  the  adult 
male,  is  more  frequent  in  tlie  standing  than  in  the  sitting  posture,  and 
in  the  latter  than  in  the  recumbent  position;  the  difference  beiug 
greatest  between  the  standing  and  the  sitting  postures.  The  effect  of 
change  of  posture  is  greater  as  the  frequency  of  the  pulse  is  greater, 
and,  accordingly,  ia  more  marked  in  the  morning  than  in  the  evening. 
By  supporting  the  body  in  different  positions,  without  the  aid  of  mus- 
cular effort  of  the  individual,  it  has  been  proved  that  the  increased  fre- 
quency of  the  pulse  in  the  sitting  and  standing  positions  is  dependent 
upon  the  muscular  exertion  engaged  in  maintuining  them;  the  usual 
effect  of  these  postures  on  the  pulse  being  almost  entirely  prevented 
when  the  usually  attendant  muscular  exertion  was  rendered  unnecessary. 

(?♦)  AtrnoHphfric  Pressure.— The  frequency  of  the  pulse  increases  m 
a  corresponding  ratio  with  the  elevation  above  the  sea. 

(8.)  Temperature, — The  rapidity  and  force  of  the  hearths  contrac- 
tions  are  largely  influenced  by  variations  of  temperature.  The  frog's 
hearty  when  excised,  ceases  to  beat  if  the  tempemture  be  reduced  to 
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0°  C.  (32°  F.).  When  heat  is  gradually  applied  to  it,  both  the  speed 
and  force  of  the  contractions  increase  till  they  reach  a  maximum.  If 
the  temperature  is  still  further  raised,  the  beats  become  irregular  and 
feeble,  and  the  heart  at  length  stands  still  in  a  condition  of  '^  heat- 
rigor.**  Similar  effects  are  produced  in  warm-blooded  animals.  In  the 
rabbit,  the  number  of  heart-beats  is  more  than  doubled  when  the  tem- 
perature of  the  air  was  maintained  at  40°.5  C.  (105°  R).  At  45°  C.  (113° 
— 114°  F.),  the  rabbit's  heart  ceases  to  beat. 

In  health  there  is  observed  a  nearly  uniform  relation  between  the 
frequency  of  the  beats  of  the  heart  and  of  the  respirations;  the  propor- 
tion being,  on  an  average,  1  respiration  to  3  or  4  beats.  The  same  rela- 
tion is  generally  maintained  in  the  cases  in  which  the  action  of  the  heart 
is  naturally  accelerated,  as  after  food  or  exercise;  but  in  disease  this 
relation  may  cease.  In  many  affections  accompanied  with  increased 
frequency  of  the  heart's  contraction,  the  respiration  is,  indeed,  also 
accelerated,  yet  the  degree  of  its  acceleration  may  bear  no  definite  pro- 
portion to  the  increased  number  of  the  heart's  actions :  and  in  many 
other  cases,  the  heart's  contraction  becomes  more  frequent  without  any 
accompanying  increase  in  the  number  of  respirations;  or,  the  respiration 
alone  may  be  accelerated,  the  number  of  pulsations  remaining  station- 
ary, or  even  falling  below  the  ordinary  standard. 

The  Force  of  the  Cardiac  Action. 

(a.)  Ventricular. — The  force  of  the  left  ventricular  systole  is  more 
than  double  that  exerted  by  the  contraction  of  the  right  ventricle:  this 
difference  results  from  the  walls  of  the  left  ventricle  being  about  twice 
or  three  times  as  thick  as  those  of  the  right.  And  the  difference  is 
adapted  to  the  greater  degree  of  resistance  which  the  left  ventricle  has 
to  overcome,  compared  with  that  to  be  overcome  by  the  right:  the 
former  having  to  propel  blood  through  every  part  of  the  body,  the  latter 
only  through  the  lungs.  The  actual  amount  of  the  intraventricular 
pressures  during  systole  in  the  dog  has  been  found  to  be  2.4  inches  (60 
mm.)  of  mercury  in  the  right  ventricle,  and  6  inches  (150  mm.)  in  the 
left. 

During  diastole  there  is  in  the  right  ventricle  a  negative  or  suction 
pressure  of  about  §  of  an  inch  (  —  17  to  —16  mm.),  and  in  the  left  ven- 
tricle from  2  inches  to  ^  of  an  inch  (  —  52  to  —  20  mm.).  Part  of  this 
fall  in  pressure,  and  possibly  the  greater  part,  is  to  be  referred  to  the  in- 
fluence of  respiration;  but  without  this  the  negative  pressure  of  the  left 
ventricle  caused  by  its  active  dilatation  is  about  equal  to  ^  of  an  inch 
(20  mm.  )of  mercury. 

The  right  ventricle  is  undoubtedly  aided  by  this  suction  power  of 
the  left,  so  that  the  whole  of  the  work  of  Donducting  the  pulmonary 
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circulation  does  not  fall  upon  tlie  right  side  of  the  heart,  but  is  assisted 
by  the  left  side, 

{fj.)  Ann'ruiur, — The  maximum  pressure  within  the  right  auricle  is 
eqnul  to  about  J  of  an  iiu-h  (*^o  nun,)  of  mercury,  and  is  probably  some- 
what less  in  the  left.  It  has  been  found  that  during  diastole  the  pres- 
sure within  both  auricles  sinks  considenibly  below  that  of  the  atmos- 
phere; and  as  some  fall  in  pressure  takes  place,  even  when  the  thorax 
of  the  animal  operated  upon  bas  been  opened,  a  certain  proportion  of 
the  fall  must  be  due  to  active  auricular  dilahition  independent  of  respi- 
ration in  the  right  auricle,  this  negative  pressure  is  equal  to  about 
—  10  mm. 

In  estimating  the  work  done  by  any  machine  it  is  usual  to  express 
it  in  terms  of  the  unit  of  work.  In  Englaud,  the  unit  of  work  is  the 
foot-pound^  and  is  defined  to  be  the  energy  expended  in  raising  a  unit 
of  weight  (1  lb,)  through  a  unit  of  height  (I  ft.):  in  France,  the  k-ilo' 
^ram-metre.  The  work  done  by  the  heart  at  each  contraction  can  be 
readily  found  by  multiplying  the  weight  of  blood  expelled  by  the  ven- 
tricles by  the  height  to  which  the  blood  rises  in  a  tube  tied  into  an 
artery.  This  height  is  probably  about  1)  ft.  3.21  metres  in  man.  Tak- 
ing the  weight  of  blood  expelled  from  the  left  ventricle  at  each  systole 
atOoz*,  Le,,  %  lb,,  we  have  0  x  f  ==  3.375  foot-pounds,  or  3/^1  X  180  grms. 
or  578  gram- metres,  as  the  work  done  by  the  left  ventriel©  at  each  sys- 
tole; and  adding  to  this  the  work  done  by  the  right  ventricle  (about 
Ione-fonrth  that  of  the  left)  we  have  3.375  +  .822  =  4.19  foot-pounds,  or 
722  gram-metres  as  the  work  done  by  the  heart  at  each  contraction. 


Blood  Pressure. 


The  subject  of  blood -pressure  has  been  already  incidentally  men- 
tioned more  than  once  in  the  preceding  pages,  the  time  has  now  arrived 
for  it  to  receive  more  detailed  consideration. 

That  the  blood  exercises  pressure  upon  the  walls  of  the  vessels  con- 
taining it,  is  due  to  the  following  facts: — 

[        Firstly^  that  the  heart  at  each  contraction  forcibly  injects  a  consid- 
'  erable  amount  of  blood,  viz.,  4  to  (i  oz.  (120  to  130  grms,)  suddenly  and 
quickly  into  tbe  arteries. 

S€4:ondIy^  that  the  arteries  are  already  full  of  blood  at  the  com- 
mencement of  the  ventricular  systole,  since  there  is  not  suffieiont  time 
between  the  heart  beats  for  the  blood  to  pass  into  the  veins. 

Thirdlifj  that  the  arteries  are  liighly  distensible  and  stretch  to  ac- 
commodate the  extra  amount  of  blood  forced  into  them ;  and 

Fourthtyy  that  there  is  a  distinct  resistance  interposed  to  the  pas- 
sage of  the  Idood  from  the  arteries  into  the  veins,  from  the  cTiormous 
number  of  minute  vessels,  small  arteries  (arterioles)  and  capillaries  into 
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which  the  main  artery  has  been  ultimately  broken  np.  The  sectional 
aiea  of  the  capillaries  is  several  hundred  times  that  of  the  aorta,  and 
the  friction  generated  by  the  passage  of  the  blood  through  these  minute 
channels  opposes  a  considerable  hindrance  or  resistance  in  its  course. 
The  resistance  thus  set  up  is  called  peripheral  resistance.  The  fric- 
tion is  greater  in  the  arterioles  where  the  current  is  comparatiyely  rapid 
than  in  the  capillaries  where  it  is  slow. 

That  the  blood  exerts  considerable  pressure  upon  the  arterial  walls 
in  keeping  them  in  a  stretched  or  distended  condition,  may  be  readily 
shown  by  puncturing  any  artery;  the  blood  is  instantly  projected  with 
great  force  through  the  opening,  and  the  jet  rises  to  a  considerable 
height,  the  exact  level  of  which  varies  with  the  size  of  the  artery  expe- 
rimented with.  If  a  large  artery  be  punctured,  the  blood  may  be  pro- 
jected upward  for  many  feet,  whereas  if  a  small  artery  be  similarly  dealt 
with  the  jet  does  not  rise  to  such  a  height.  Another  marked  feature  of 
the  jet  of  blood  from  a  cut  artery,  particularly  well  marked  if  the  vessel 
be  a  large  one,  and  near  the  heart,  is  the  jerky  character  of  the  outflow. 
If  the  artery  be  cut  across,  the  jet  issues  with  force,  chiefly  from  the 
central  end,  unless  there  is  considerable  anastomosis  of  vessels  in  the 
neighborhood,  when  the  jet  from  the  peripheral  end  may  be  as  forcible 
and  as  intermittent  as  that  from  the  other  end.  The  intermittent  flow 
in  the  arteries  which  is  due  to  the  intermittent  action  of  the  heart,  and 
which  represents  the  systolic  and  diastolic  alterations  of  blood  pressure, 
may  be  felt  if  the  finger  be  placed  upon  a  sufficiently  superficial  artery. 
The  finger  is  apparently  raised  and  lowered  by  the  intermittent  systolic 
distention  of  the  vessel,  occurring  at  each  heart  beat.  This  intermittent 
distention  of  the  artery  is  what  is  known  as  the  Pulse,  to  the  further 
consideration  of  wliich  we  shall  persently  return,  but  we  may  say  here, 
that  in  a  normal  condition  the  pulse  is  a  characteristic  of  the  arterial, 
and  is  absent  from  the  venous  flow.  At  the  same  time  it  must  be  recol- 
lected that  in  the  veins  the  blood  exercises  a  pressure  on  its  containing 
vessel,  but  as  we  shall  see  presently  this  is  small  when  compared  with 
the  arterial  blood-pressure.  As  might  be  expected,  therefore,  the  blood 
is  not  expelled  with  so  much  force  if  a  vein  be  punctured  or  cut,  and 
further,  the  flow  from  the  cut  vein  is  continuous  and  not  intermittent, 
and  the  greater  amount  of  blood  comes  from  the  peripheral  and  not 
from  the  central  end  as  is  the  case  when  an  artery  is  severed. 

The  result  produced  by  the  experiment  of  cutting  or  puncturing  a 
blood  vessel  may  be  modified  by  introducing  into  the  vessel  a  glass 
tube  of  a  calibre  corresponding  to  that  of  the  vessel,  and  allowing  the 
blood  to  rise  in  it.  If  the  vessel  be  an  artery,  the  blood  will  rise 
several  feet,  according  to  the  disttmce  of  the  vessel  from  the  heart,  and 
when  it  has  reached  its  highest  point  will  be  seen  to  oscillate  with 
the  heart's  beats.     This  experiment  shows  that  the  pressure  which  the 
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exerts  npau  the  walls  of  the  contained  artery*  equals  thta  pres- 
fiure  of  a  column  of  blood  of  a  certain  height;  in  the  case  of  the  nib- 
bit's  carotid  it  is  eqiuil  to  3  feet  of  blood,  or  rather  more  than  'd  feet  of 
water.  In  the  case  of  the  vein,  if  a,  similar  experiment  be  performed, 
blood  will  rise  in  the  tulie  for  an  inch  or  two  only. 

The  usual  method  of  estimating  tiie  amount  of  blood  pressure  differs 
somewhat  from  the  foregoing  simple  experiment.  Instead  of  a  simple 
straight  tube  of  glass  inserted  into  the  vessels  a  U-shaped  tube  contain- 


TiK>  Its.— Diairram  of  mercurial  kymoprapli.  a,  revolvSnsr  cyliuder.  wDrsed  by  a  elO<'lt-work 
•rrmti^emeot  coaudntsd  io  the  l»ox  <ii»,  the  »\^e*K{  heiag  n^K« tared  by  a  fan  above  the  txix;  cylinder 
supported  by  aa  uprfjuiit  (fe>,  and  t-a|uibU^  af  lielu*:  ntiioeil  or  Iowere<l  hy  a  »LTew  fa),  by  a  handle 
MCAchedto  It;  n.  c,  s«  represent  mt-mirial  iiiRnonieter,  a  somewhat  tiUTurent  form  of  which  i« 
■hown  Id  oezt  flgufv. 
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ing  mercury,  or  a  mercurial  manometer  is  employed,  and  the  sirtery 
is  made  to  commnnicsitu  with  it  by  means  of  a  small  eannLi  which  is 
inserted  into  the  vessel,  tind  a  connecting  tnbe,  an  armngement  being 
made  whereby  the  cunnlfi,  tubes,  etc.,  are  filled  with  1%  saturated  saline 
Bolntion  to  prevent  the  clotting  of  blood  when  it  is  allowed  to  pass  from 
the  artery  into  the  apparatus.  The  passage  of  blood  is  prevented  during 
the  arrangement  of  the  details  of  the  experiment  by  a  pair  of  clamp  or 
bull-dog  forceps.  The  free  end  of  the  U-tubo  of  mercury  contains  a 
Tery  fine  glass  piston,  the  bulbous  end  of  which  floats  upon  the  surface 
of  the  mercury,  rising  with  its  rise  and  oscilkting  with  its  oscillations* 
13 
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As  soon  as  there  is  free  eommunictition  between  the  artery  and  the  tube 
of  mercury,  the  blood  rushes  out  and  pushes  before  it  the  column  of 
iTiermiry,  The  mercury  will  therefore  rise  in  the  free  limb  of  the  tube, 
and  will  eoiitiuue  to  do  so  uutil  a  point  i&  reached  which  corresponds  to 
the  mean  pressure  of  the  blood-vessel  used.  The  blood -pressure  is  thus 
communicated  to  the  upper  part  of  the  mercurial  colnnin;  and  the 
depth  to  which  the  Isiller  sinks,  added  to  the  lieight  to  wliich  it  rises  in 
the  other,  will  give  the  height  of  the  mercurial  column  which  the  blood- 
pressure  balances;  the  weight  of  the  saline  solution  being  subtracted. 
For  the  estimation  of  the  amount  of  blood  pressure  at  any  given  mo- 
ment, no  further  apparatus  than  tliis,  which  ia  called  Poiseuilles's  hw- 


Fig,  174.— LiidwlR'fi  Kf  mopmiih.  Thts  miLDom<*ter  la  ahowa  in  %.  ITfl.  D.  C*  E.  The  mercair 
whk*Ji  partlnlljr  fillH  tiie  tube  supports  a  rtimt  In  fnnii  of  a  piston,  nearly  filJiDg  the  tube;  a  wire  u 
fixcnJ  l4'i  th<^'  tloat^  and  tlie  writing  style  or  pen  in  ^it(l»d  by  piuviinK  through  tb<^  liraaa  cap  of  tlae 
tiibf  tlxwl  to  iht'  wire;  the  pre«8urv  j«  communicate* t  tx>  tho  ttioi-cury  by  means  of  a  flexible  meUl 
tube  tilled  with  fluiil. 

madj/nffmomeffr.hnecG^siiTy;  but  for  noting  the  variation>i  of  pressure 
in  the  arterial  system,  m  well  ae  its  ubsolute  amount,  the  instrument  is 
usually  combined  with  a  recording  appuratas,  in  this  form  called  a 
kymij graph  (fig.  173). 

The  recording  apparatus  consists  of  a  revolving  cylinder  (fig.  173, 
A),  whieli  is  moved  by  clockwork,  and  the  speed  of  which  is  capable  of 
regulation.  The  cylinder  is  covered  with  glazed  paper  blackened  in  tbe 
flame  of  a  lamp^  and  the  mercurial  manometer  is  so  fixed  (fig.  173,  D) 
that  its  float  provided  with  a  style  writes  on  the  cylinder  as  it  revolves. 
There  are  many  ways  in  which  the  mercurial  manometer  may  be  varied; 
in  fig.  174  is  seen  a  form,  which  is  known  as  Lud  wig's  Kymograph.  In 
order  to  obviate  the  necessity  of  a  largo  quantity  of  blood  entering  the 
tube  of  the  apparatus,  it  is  usual  to  have  some  arrangement  by  means 
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of  which  the  mercury  may  be  made  to  rise  in  the  tube  of  the  manometer 
to  the  level  coireeponding  to  the  mean  pressure  of  the  artery  experi- 
mented with,  so  that  the  writing  style  simply  records  the  variations  of 
the  blood  pressure  above  and  below  th©  mean  pressure.  This  is  done  by 
causing  the  saline  solution,  generally  a  saturated  eolation  of  sodium 
carbonate  or  sulphate,  to  fill  the  apparatus  from  a  bottle  suspended  at  a 
height,  and  capalde  of  being  raised  or  lowered  as  required  for  the  pur- 
pose, or  by  injecting  the  saline  solution  into  the  tube  by  means  of  a 
syringe.  The  canula  inserted  and  tied  into  the  artery  may  be  of  two 
kinds.  In  one  case  a  fine  ghiss  tube  ia  used  with  the  end  drawn  out  and 
cat  80  that  its  end  ia  oblique,  and  provided  with  a  shoulder  to  prevent 
its  coming  out  easily,  the  peripheral  end  of  the  cut  artery  being  tied  to 
obviate  the  escape  of  blood.  By  this  means,  tlie  pressure  communicated 
to  the  column  of  mercury  is  the  forward  and  not  the  lateral  pressure  of 
blood,  or  a  T-eanula  may  be  employed  and  may  he  tied  into  the  two 
»0tld£  of  a  divided  artery,  and  the  free  arm  of  the  T  piece  being  made 


I 
I 
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Pl|p.  ITS,— Norma]  trRvit\g  of  ftrterlal  prrsHiire  ta  ibe  rafeUli  ohtaine<l  with  tb^meratuiAl  kyroo- 
irniph,    Tb«  BDmLl(?r  uudulatioiiis  comnipond  w  1th  tlm  h«»art  bcM»tJ9 ;  the  (larger  curves  with  the  respl- 

to  communicate  with  the  manometer.  This  communicates  the  lateral 
blood  pressure* 

As  soon  as  the  experiment  is  completed,  the  writing  float  is  seen  to 
oscillate  in  a  regular  manner,  and  a  curve  of  blood  pressure  is  traced 
upon  the  smoked  paper  by  the  style  (or,  if  a  continuous  roll  of  nnsmoked 
paper  be  used  instead^  by  an  inked  pen),  when  a  figure  similar  to  ^g, 
175  will  be  obtained. 

This  indicates  two  main  variations  of  the  blood  pressure;  the  smaller 
excursions  of  the  lever  corresponds  with  ihe  stfAfoh  anfi  difiMtoIe  of  fhe 
hearty  and  the  large  curves  correspond  with  the  respirations,  being  called 
the  respirator  If  nndtilationji  of  blood  pressure,  to  which  attention  will 
be  directed  in  the  next  chapter.  Of  course,  the  undulations  spoken  of 
are  only  seen  in  records  of  arterial  blood  pressure;  they  are  more  cle4irly 
marked  in  th©  arteries  nearer  the  heart  than  in  those  more  remote,  in 
the  smaller  arteries  the  amount  of  the  pressure  as  well  as  the  indication 
of  the  systolic  rise  of  pressure,  being,  comparatively  speaking,  smiUl. 

In  order  to  record  the  undulations  of  arterial  pressure,  for  some  pur- 
poses it  is  better  to  use  Kick's  Spring  Kymograph  tluin  the  mercurial 
manometer*     Two  forms  of  this  instiiiment  are  shown  in  figs.  176  and 
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177*  It  consists  of  a  hollow  C-spring,  filled  with  fluid,  the  interior  of 
which  is  made  to  communicate  with  the  artery  by  means  of  a  flexible 
metal  tube  and  caiuiUu  In  response  to  the  pressure^  tmnsmitted  to 
its  interior,  the  spring  tends  to  stmighten  itself*  and  the  movement 
thus  produced  is  communicated  by  means  of  a  lever  to  a  writing  style 
and  so  to  a  recording  apparatus.  This  inBtniment  obviates  the  errors 
which  might  be  caused  by  the  inertia  of  the  mercury  in  the  mercurial 
manometer;  it  also  shows  in  more  detail  the  vuriationa  of  tlie  blood 
pressure  in  the  vessel  during  and  after  each  individual  beat  of  the  heart. 


I 
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Wig,  1?(L— Aform  of  Pick**  Spring  Kymogrftpli.    a.  Tul>e  to  be  ooaiiect«il  with  artery;  e,  lioUow 
'M,  t^  ttiovemetit  of  whJcli  luoreA  &,  the  writing  lever;  e^  mrew  to  refl:iiiiite  height  of  bi  d,  out- 
probeoUve  ttpcing;  g,  acreir  to  fix  on  tli«  u  rIgliroC  tJie  nipport. 


In  fig.  17B  is  seen  a  tracing  taken  with  Fick's  Kymograph  from  an 
artery  of  a  dog. 

As  regards  the  actual  amount  of  blood  pressure,  from  observations 
which  have  been  made  by  means  of  the  mercurial  manometer,  it  has 
been  found  that  the  pressure  of  blood  in  the  carotid  of  a  nibbit  is  capa- 
ble of  supporting  a  column  of  2  to  3,5  inches  (50  to  90  mmp)  of  mercury ^ 
in  the  dog  4  to  7  inches  (100  to  175  mm.),  in  the  horse  6  to  8  inches 
(152  to  200  mm.)i  and  in  man  the  pressure  is  estimated  t-o  be  about  the 
same. 

To  measure  the  absolute  amount  of  this  pressure  in  any  artery,  it  is 
necessary  merely  to  multiply  the  area  of  its  transverse  section  by  the 
height  of  the  column  of  mercury  which  is  already  known  to  be  sup- 
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portod  by  the  blood-pressure  in  any  part  of  the  arterial  eyatem.  The 
weight  of  a  column  of  mercury  thus  found  will  represent  the  pressure 
of  the  blood*  Calcnlated  in  this  way,  the  blood-pressure  in  the  huumn 
aorta  is  equal  to  4  lbs.  4  oz,  avoirdupois;  that  in  the  aorta  of  the  horse 
beiDg  11  lb,  9  oz.;  and  that  in  the  radial  artery  at  the  human  wrist  only 
4  dre.  Supposing  the  muscular  power  of  the  right  ventricle  to  be  oidy 
one-half  tliat  of  the  left,  the  blood-pressure  in  the  pulmonary  artery  will 
be  only  2  lb.  2  oz.  avoirdupois.  The  amounts  above  stated  represent  the 
arterial  tension  to  the  time  of  the  ventricular  contraction. 


I 


with 


T\x.  177.-] 
1  alcohol, » 


77.— Ftck''a  KjTMO¥rrrt[)h.  Jnifvroved   by  IJeEJn, 


IJIK  fftfter  Mc'KpnrirlclO,    «,  Hollow  spring  filled 
rhTch  i»  atlo^'ht^J  tht!  murker  r;  ihe  rod  <  isiissi^ 


fftfter  Mc'Kpnrlrick), 

downward  tnt*j  theiuLx^/.  cotjtfthiiUfir  camor  i»il,  wlik'h  offer?  reKt^tauw  to  Ibe  oseittatious  of  r:  y, 

„^  ,  lubt? /' witli  saturated  sulphate  of 

pnsMure  tua  toprv^vi^iit  the  blfHiil  from  pn>a*injir  i^'^^^  t^>*'  tiitK'  h  at  i,  the  OAnula  in^'ite^l  into 
tlie  veiiel;  1^  abuctiBa-inarker,  w  liich  cau  be  appliek^l  to  th*  dioviok  surfiicf  by  ttiriiiJtiK  the  Hcrew  m ; 
lr«  aorew  f or  ndJujitlJijer  thf  whole  ajifuiratus  to  th«  rtioviug  mirface;  o,  screw  for  elevatirJij;  or  tle- 
prwring by  a  rack  luid  pinion  movt^ment  the  Kymograph;  n,  screw  for  adjuatlag  the  iXHiitioti  of 


iH-ArinR 

_    t*j  then       ^  ^  , 

H    avriogv  for  ailing  the  leaileii  tube  /»  v,  ah  !i.atur&teil  tiulphate  of  i»-Mdiyjii  sohition.  and  to  apply  *»ifi}- 

■  th^v 

■  Ir.aoi 

^  ttoti 

^m^Tbe  blood-pressure  is  greatest  in  the  left  ventricle  and  at  the  begin- 
ning of  the  aorta,  and  decreases  toward  the  capillaries.  It  is  greatest  io 
the  arteries  at  the  periutl  of  the  ventricular  systole.  The  blood-pressure 
gradually  lessens  then  as  we  proceed  from  the  arteries  near  the  heart  to 
thoee  more  remote,  and  a^iiin  from  these  to  the  cstpilbiries,  and  thence 
along  the  veins  to  the  ri^lit  auricle.  The  blood-pressure  in  the 
veins  is  nowhere  very  great,  but  is  greatest  in  the  small  veins,  while  in 
the  large  veins  tuw^iird  the  heart  the  pressure  becomes  uefjtttiti'y  or,  in 
other  words,  when  a  vein  is  put  in  connection  with  a  mercurial  man- 


198 


HANDBOOK    OF    PHYSIOLOGY, 


I 


ometer  the  mercury  will  fall  in  the  arm  furthest  away  from  the  vein  and 
will  rise  in  the  urm  nearest  the  vein,  the  action  being  that  of  suction 
rather  than  pressure  forward.  In  tiie  large  veins  of  the  neck  the  ten- 
dency to  suck  in  air  is  especially  marked,  and  is  the  cause  of  death  in 
some  surgical  operations  in  that  region.  The  amount  of  pressure  in  the 
brachial  vein  is  Siiid  to  support  1)  mm*  of  mercury^  whereas  the  presgure 
in  the  veins  of  the  neck  is  about  equal  to  a  negative  pressure  of  rather 
more  than  i  inch  or  —  about  i  to  ^  inch  or  —  3  to  —  8  mm. 

The  variations  of  venous  pressure  during  systole  and  diastole  of  the 
heart  are  very  slight,  and  a  distinct  pulse  is  never  seen  in  veins  except 
under  extraordinary  circumstances.  From  observations  upon  the  web  ■ 
of  tlie  frog's  foot,  the  tongue  and  mesentery  of  the  frog,  the  tails  of 
newts,  and  small  fishes  {Roy  and  Brown),  as  well  as  upon  the  skin  of 
the  finger  behind  the  nail  (Kries),  by  careful  estimation  of  the  amount 
of  pressure  required  to  empty  the  vessels  of  blood  under  various  condi- 
tionsj  it  appears  that  the  blood-pressure  is  subject  to  variations  in 
the  capillaries,  apparently  following  the  variations  of  that  of  the 


Ftgr.  ITS.— Normal  arterial  tradnK^  obtained  with  Fick'^  kyiuogr^ph  Lq  the  do^. 
( Burduu-Satidenso^n  J 

arteries;  and  that  up  to  a  certain  point,  as  the  extravascukir  pressure  i§ 
increased,  so  does  the  pulse  ia  the  arterioles,  capillaries,  md  venules  be- 
come more  and  more  evident.  The  pressure  in  the  first  case  (web  of 
the  frog's  foot)  has  been  found  to  be  equal  to  about  ^  to  Wjteh  or  14  to 
S20  mm.  of  mercury;  in  other  experiments  to  be  equal  to  aljtul  I  to  ^  of 
the  ordinary  arterial  pressure. 

The  arterial  blood- pressure  may  be  made  to  vary  %  variations  of 
either  of  the  two  chief  factors  upon  which  the  pressure  in  the  vessels 
depends,  viz.,  the  cardiac  contractions  and  the  peripfreAl  resistance. 
Thus,  incre^ise  of  blood -pressure  may  be  brought  about  by  either  (a)  a 
more  frequent  or  more  forcible  action  of  the  heart,  or  (b)ly  increase  of 
the  peripheral  resistance;  and  on  the  other  hand,  diminution  of  the 
blood-]>re8sure  may  be  produced,  either  by  (a)  a  diminished  force  or  fre- 
quency of  the  contractions  of  the  heart,  or  by  (b)  a  diminished  periphe- 
ral resistance.  These  different  factors,  however,  although  varying  con- 
8tixntly,are  so  combined  that  the  general  arterial  pressure  remains  fairly 
constant;  for  example,  the  heart  may,  by  increased  force  or  frequency 
of  its  contractions,  distinctly  increase  the  blood- pressure,  but  this  in- 
creased action  is  almost  certainly  followed  by  diminished  peripheml 


I 
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resistance,  and  thus  the  two  altered  conditions  may  biihmce,  with  the 
^iiig  biiek  the  bloud-preesure  to  what  it  was  before  the 
heart  began  to  beat  more  rapidly  or  more  forcibly. 

It  will  be  eleiirly  seen  that  the  cireuiation  of  the  blood  within  the 
blood-vessels  must  depend  upon  the  diminution  of  the  pressure  from 
the  heart  to  the  capillaries,  and  from  the  capillariee  to  the  veints,  the 
blood  flowing  in  the  direction  of  least  resistance;  we  shall  presently  see 
further  that  the  general  or  local  flow  also  depends  upon  the  relations 
between  the  heart's  action  and  the  peripheral  resistance,  general  or  local. 

The  Arterial  Flow. 

The  character  of  the  flow  of  blood  through  the  arterial  system  de- 
pends to  a  very  considerable  extent  upon  tlie  structure  of  the  arterial 
wallSj  and  particularly  upon  the  elastic  tissue  which  is  so  highly  devel- 
oped in  them. 

The  elastic  tissue  first  of  all  guards  the  arteries  from  the  suddenly 
exerted  pressure  to  whicli  tljey  are  subjected  at  each  cou traction  of  the 
ventricles.  In  every  such  con  tract  iun  as  is  above  seen  tlie  contents  of 
the  ventricles  are  forced  into  the  arteries  more  quickly  than  they  can 
be  discharged  through  the  capilhiries.  The  blood,  therefore,  being,  for 
an  instant,  resisted  in  its  onward  course,  a  part  of  tlie  force  with  which 
it  was  impelled  is  directed  against  the  sides  of  the  arteries;  under  this 
force  their  elastic  walls  dihite,  stretching  enough  to  receive  tiie  blood, 
and,  as  they  stretch,  becoming  more  tense  and  more  resisting.  Thus, 
by  yiehling  they  break  the  shock  of  the  force  impelling  the  blood.  On 
the  subsidence  of  the  pressure,  when  the  ventricles  cease  contracting, 
the  arteries  are  able,  by  the  same  elasticity,  to  resume  tlieir  former  cali- 
bre; the  elastic  tissue  also  equalizes  the  current  of  blood  by  maintaining 
pressure  on  it  in  the  arteries  during  t!ie  period  at  which  the  ventricles 
are  at  rest  or  are  dilating.  If  the  arteries  were  rigid  tubee^  the  blood, 
instead  of  flowing,  as  it  does,  in  a  constant  stream,  would  be  propelled 
through  the  arterial  system  in  a  series  of  jerks  correspnndiiig  to  the 
ventricular  contractions,  with  intervals  of  almost  complete  rest  during 
the  inaction  of  the  ventricles.  But  in  the  actual  condition  of  the  ves- 
sels, the  force  of  the  successive  contractions  of  the  ventricles  is  expended 
partly  in  the  direct  propulsion  of  tlie  blood,  and  partly  in  the  dilatation 
of  the  elastic  arteries;  and  in  the  intervals  between  the  contractions  of 
the  ventricles,  the  force  of  the  recoil  is  employed  in  continuing  the  on- 
ward flow*  Of  course  the  pressure  exercised  is  equally  diffused  in  every 
direction,  and  the  blood  tends  to  move  backward  as  well  as  onward;  all 
movement  backward,  however,  is  j)reventod  by  the  closure  of  the  semi- 
lunar valves,  which  takes  place  at  tlie  very  commencement  of  the  recoil 
of  the  arterial  walls. 
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Thus  by  the  exercise  of  the  elasticity  of  the  arteries,  all  the  force  of 
the  Tentricles  is  expended  upon  the  circulation;  for  that  part  of  the 
force  which  is  used  up  or  rendered  potential  in  dilating  the  arteries  is 
restored  or  made  active  or  kinetic,  in  full  when  they  recoil.  There  is 
no  loss  of  force;  neither  is  there  any  gain,  for  the  elastic  walls  of  the 
artery  cannot  originate  any  force  for  the  propulsion  of  the  blood — ^they 
only  restore  that  which  they  received  from  the  ventricles.  It  is  by  this 
equalizing  influence  of  the  successive  branches  of  every  artery  that  at 
length  the  intermittent  accelerations  produced  in  the  arterial  current 
by  the  action  of  the  heart,  cease  to  be  observable,  and  the  jetting  stream 
is  converted  into  the  continuous  and  equable  movement  of  the  blood 
which  we  see  in  the  capillaries  and  veins.  In  the  production  of  a  con- 
tinuous stream  of  blood  in  the  smaller  arteries  and  capillaries,  the  re- 
sistance which  is  offered  to  the  blood-stream  in  these  vessels  is  a  neces- 
sary agent.  Were  there  no  greater  obstacle  to  the  escape  of  blood  from 
the  larger  arteries  than  exists  to  its  eiitr'ance  into  them  from  the  heart, 
the  stream  would  be  intermittent,  notwithstanding  the  elasticity  of  walls 
of  the  arteries. 

By  means  of  the  elastic  and  muscular  tissue  in  their  walls  again  the 
arteries  are  enabled  to  dilate  and  contract  readily  in  correspondence 
with  any  temporary  increase  or  diminution  of  the  total  quantity  of 
blood  iu  the  body;  and  within  a  certain  range  of  diminution  of  the 
quantity,  still  to  exercise  due  pressure  on  their  contents.  The  elastic 
tissue  further  assists  in  restoring  the  normal  channel  after  diminution 
of  its  calibre,  whether  this  has  been  caused  by  a  contraction  of  the  mus- 
cular coat,  or  by  the  temporary  application  of  a  compressing  force  from 
without.  This  action  is  well  shown  in  arteries  which,  having  contracted 
by  means  of  their  muscular  element,  after  death  regain  their  average 
potency  on  the  cessation  of  post-mortem  rigidity. 

The  office  of  the  muscular  coat  also  is  employed  to  adjust  the  flow 
of  the  blood  locally,  to  regulate  the  quantity  of  blood  to  be  received  by 
each  part  or  organ,  and  to  adjust  it  to  the  requirements  of  each,  accord- 
ing to  various  circumstances,  but,  chiefly,  according  to  the  activity  with 
which  the  functions  of  each  are  at  different  times  performed.  The 
amount  of  work  done  by  each  organ  of  the  body  varies  at  different  times, 
and  the  variations  often  quickly  succeed  each  other,  so  that,  as  in  the 
brain,  for  example,  during  sleep  and  waking,  within  the  same  hour  a 
part  may  be  now  very  active  and  then  inactive.  In  all  its  active  exer- 
cise of  function,  such  a  j)art  requires  a  larger  supply  of  blood  than  is 
sufficient  for  it  during  the  times  when  it  is  comparatively  inactive.  It 
is  evident  that  the  heart  cannot  regulate  the  supply  to  each  part  at  dif- 
ferent periods;  neiUier  could  this  be  regulated  by  any  general  and  uni- 
form contraction  of  the  arteries:  but  it  may  be  regulated  by  the  power 
which  the  arteries  of  each  part  have,  in  their  muscular  tissue,  of  con- 
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tractitig  60  as  to  dtminiah*  and  of  passively  dilating  or  yielding  so  as  to 
permit  an  increase  of,  the  supply  of  blood,  tiecordingto  the  requiremeiita 
of  the  part  to  which  tiiey  are  distributed.  And  thua^  while  the  ventri- 
cles of  the  heart  dctennine  the  total  quantity  of  blood,  to  be  sent  onward 
at  each  contraction,  and  the  force  of  its  propulsion,  and  while  the  large 
and  merely  elastic  arteries  distribute  it  tind  eqiuilize  its  stream,  the 
fiumller  arteries,  in  addition,  regulate  and  determine,  by  means  of  their 
muscular  tissue,  the  proportion  of  the  whole  quantity  of  blood  which 
shall  be  distributed  to  eaidi  part* 

This  regulating  function  of  the  arteries  ia  governed  and  directed  by 
the  nervous  system  in  the  way  to  be  presently  described. 

The  muscular  element  of  the  middle  coat  also  co-operutes  witli  the 
elastic  in  adapting  the  calibre  of  the  vessels  to  the  f|uuntity  of  blood 
which  they  contain.  For  the  amount  of  fluid  in  the  blood-vessels  varies 
\eTj  conaiderably  even  from  hour  to  hour,  and  can  never  be  cpute  con- 
stant; and  were  the  elastic  tissue  only  present  the  pressure  exercised 
by  the  walls  of  the  containing  vessels  on  the  contained  lilood  would  be 
sometimes  very  small,  and  sometimes  innrdinately  great.  The  presence 
of  a  muscular  element,  however,  provides  for  a  certain  uniformity  in  the 
amount  of  pressure  exercised;  and  it  is  by  this  adaptive,  uniform,  gen- 
tle, muscular  contraction,  that  the  normal  tone  of  the  blood-vessels  is 
nuiintained.  Deficiency  of  this  tone  is  the  cause  of  the  soft  and  yield- 
ing pulse,  and  its  unnatural  excess  of  the  hard  and  tense  one. 

The  elastic  and  muscular  contraction  of  an  artery  may  also  be  re- 
garded as  fulfilling  a  natural  inirpose  when,  the  artery  being  cut,  it  first 
limits  and  then,  in  conjunction  with  the  coagulated  Obrin,  arrests  the 
escape  of  blood.  It  is  only  in  consequence  of  such  contraction  and  co- 
agulation that  we  are  free  from  danger  through  even  very  slight  wounds; 
for  it  is  only  when  the  artery  is  closer!  that  the  processes  for  the  more 
permanent  and  secure  prevention  of  bleeding  are  established.  But  there 
appears  no  reason  for  supposing  that  the  muscular  coat  assists,  to  more 
than  a  very  small  degree,  in  propelling  the  onward  current  of  blood. 


The  Pulse. 

i        The  most  characteristic  feature,  then,  of  the  arterial  flow,  is  its  in- 
termitteney,  and  this  intermittent  floiv  is  seen  or  felt  as  the  Pulse, 

The  pulse  is  generally  described  as  an  expansion  of  the  artery  pro- 
duced by  the  wave  of  blood  set  in  motion  by  the  injection  of  blood  at 
each  ventriouhir  systole  into  the  already  full  aorta.  As  the  force  of  the 
left  ventricle,  however,  is  not  expended  in  dilating  the  aorta  only,  the 
wave  of  blood  passes  on,  expanding  the  arteries  as  it  goes,  running  as  it 
were  on  the  surface  of  the  more  slowly  IraTelling  blood  already  con- 
tained in  them,  and  producing  the  pulse  as  it  proceeds. 


R  KAJriHIOaK   OF  FHTSIOL06T. 

The  dittenlion  of  each  artery  iocreaaea  both  tl«  letigth  and  ita  diam- 
eler.  In  their  cioDgattoD,  the  arteries  change  their  form,  the  stnijlit 
tmm  becoming  slightlj  cun^ed^and  those  alreadj  curbed  becoming  more 
io;  bat  they  recover  their  preTioa^  form  as  well  m  their  diameter  when 
tlie  Tentricidar  contraction  ceases,  and  their  ebstic  walla  recoiL  The 
iticreajie  of  their  i^arves  which  accompanies  the  distention  of  arteries, 
and  the  succeeding  recoil,  majr  be  well  seen  in  the  prominent  temporal 
artery  of  an  old  person.  In  feeling  the  pnlBe,  the  finger  cannot  disttB- 
(Tursh  the  Bensation  prodnced  by  the  dilatation  from  that  produced  by 
the  elongation  and  cunring;  that  which  it  perceiTes  most  plain Jy,  how- 
erer,  is  the  dilatation,  or  relnra^more  or  lees,  to  the  cylindrical  form,  of 
the  artery  which  has  been  partially  flattened  by  the  0nger. 


The  pulse — due  to  any  given  beat  of  the  heart— is  not  perceptible 
at  the  Bfinio  moment  in  all  the  arteries  of  the  body.  Thus,  it  can  be 
felt  in  the  carotid  a  very  short"  time  before  it  is  perceptible  in  the  radial 
artery,  and  iu  this  vesBcl  again  before  it  occurs  in  the  dorsal  artery  of 
tbi?  fdot.  The  deky  in  the  beat  is  in  proportion  to  the  distance  of  the 
artc*ry  from  tlie  heart,  but  the  difference  in  time  between  the  beat  of 
any  two  arteries  probably  never  exceeds  J  to  |  of  a  second.  M 

A  distinction  must  be  carefully  made  between  the  passage  of  the 
wav(^  along  tlie  arteries  and  the  arterial  flow  itself.  Both  wave  and 
current  are  prt*sent;  but  the  rates  at  which  they  travel  are  very  diflerent, 
tfjut  of  the  wave  1G.5  to  33  feet  per  second  (5  to  10  metres),  being  twenty 
or  thirty  times  as  great  as  that  of  the  current. 

The  Sphygmograph.— Much  light  baa  been  throw^n  on  what  may 
be  called  the  form  of  tlie  pulse  wave  by  the  spbygmogniph  (figs,  17^ 
and  182).  The  principle  on  which  it  acts  will  be  seen  on  reference  tO; 
figs. 

The  small  btitton  replaces  the  finger  in  the  act  of  taking  the  pulse. 
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Hid  is  made  to  rest  lightly  on  the  artery,  the  pulsations  of  which  it  is 
lesired  to  investigate.  The  up-aiul-down  movement  of  the  button  ib 
commnniciited  to  the  lever,  to  the  hinder  end  of  which  is  attached  a 
Blight  spring,  which  allows  the  lever  to  move  up,  at  the  same  time  that 


FffT-  ISO.— DiA^imm  of  the  leT«r  af  the  Sphjgnio^rttph. 

^it  is  jnat  strong  enough  to  resist  its  making  imv  sudden  jerk,  and  in  the 
interval  of  the  beats  also  to  assist  in  bringing  it  back  to  its  original 
position.  For  ordinary  purposes  the  instrument  is  bound  on  the  wrist 
(fig.  181). 

\  It  is  evident  that  the  beating  of  the  pulse  with  the  reaction  of  the 
Bpring  will  cause  an  up-and-down  niovemont  of  the  lever,  the  pen  of 
which  will  write  the  effect  on  a  smoked  card,  which  is  nntde  to  move  by 
clockwork  in  the  direction  of  the  arrow.  Thus  a  tracing  of  the  pulse 
obtained,  and  in  this  way  nmch  more  delicate  eHects  can  be  seen  than 

lean  be  felt  on  the  application  of  the  finger. 


FiR,  181,— Tlie  SpbjD^iojfraph  applied  to  the  arm. 

Two  forma  of  sphygmograpb  are  showu  iti  figs.  179,  182,  viz.,  a  modifica- 
tion of  the  original  instrument  of  Marny  and  Dtiilgeon'«.  Manny's  instnniient, 
and  indeed  all  nioditientiotiK  of  it,  suffer  from  the  defect  tlmt  there  is  do  ade- 
quate method  of  meajsurio^  the  pressure  exercised  by  the  hiitton  of  the  instru- 
ment ufKjn  the  artery,  and  that  it  is  ilirfieult  to  be  certain  of  the  exact  position 
it  occupies  over  the  arteiy.  Dudgeon's  sjihy^rmograph,  although  very  conven- 
ient to  use,  is,  according  to  Roy  and  Adami.  even  leas  satisfactory,  and  the 
tracings  obtained  by  it  are  no  disfigured  hy  inertia  vihrations  as  to  render 
them  more  or  l^s  worthless.  "The  mechanical  construction  of  the  instnmient 
is  such  as  to  render  great  inertia  vibrations  unavoidable/^    Tliese  authors  have 
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invented  an  instrument  called  a  sphygmomet^^r,  in  which  these  defects  oi  the 
sphygmograph  are  corrected. 


f!te'>  IBS.'-DiidiieoQ's  Sphyinnogrmpb. 


The  principle  of  the  sphygmometer  of  Rof  and  Adami  is  shown  in  the  dia- 
^mm  (fig.   im). 

The  appanitua  consists  of  a  box  (a)  which  is  moulded  to  fit  over  the  end  of 
the  radius  sw>  tis  to  brid^f*  ov^r  th*:*  radial  artery.  Within  this  is  a  flexible  bag 
(b)  tilled  with  water,  and  connected   by  a  T  tube  with  a  rubber  bag  (/i)  and 


Ptif,  1S3.— Diagmminatk  secMooaJ  representation  of  ih*?  sphvsrnintn^^ter  rRoy  iitid  AdAmf)«    &M 
Boat  in  wJiich  the  jxintoii  of  the  artery  is  |tJClo«e<J:  h,  thmwflJJed  india-rubber  bag-  fllted  with  wafee^ 
and  communicattDK  thrmjich  tap,  c.  with  manometer  and  tbick-walliHl  robber  bajf,  h;  d,  ptetoQ  coo. 
nected  by  rod,  e,  with  rwrordln^r  lever,/:  g,  spiral  stpring  attached  to  oxIb  of  teveft  and  by  -irhidi 
the  pressure  in  6,  aprainHt  the  pisttm,  rf.  la  counterbaJanced;  *:,  skin  acid  Bubcataoeotu  timoe;  m,  end 
ot  radius  seen  in  sectioa;  n,  radial  artery  seen  Lu  aeclioui. 
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mcreiirial  mancmieter.  The  fluid  in  the  box  may  be  raided  to  any  desired 
pf«ware,  and  may  then  be  shut  otf  by  tap  (c) ,  At  the  upper  part  of  tlie  b<ix  ia 
a  circular  opening,  and  resting  upon  (b)  is  a  flat  button  {d),  which  by  means 
of  a  short  light  rodte)  communicatee  the  movement  of  (b)  to  the  lever  (/).  To 
the  axis  of  rotation  of  this  lever  is  a  spiral  watch-spring  {g)  which  can  be  tight- 
ened At  wiU*  so  that  the  lever  can  be  made  to  tiike  a  vertical  jiositiou  at  any 
desired  bjrdrostatic  presssnrc  within  the  Im:>x.  Tt»c  movements  of  the  lever  are 
recorded  apcm  a  piece  of  blackeueil  glazed  |)ai>er  made  to  move  in  a  vertical 
diiection  post  it.  WTien  in  use,  the  tx>x  in  tixed  upon  the  end  of  the  radius  by 
an  apptispriate  holder,  and  the  pressure  in  raisefl  to  any  desire^l  height  to  which 
the  lever  ia  adapted  by  tightt^niog  or  Blackening  the  spring.  The  tap  (c)  is 
then  clceed.  The  pressure  within  the  box  acta  in  all  directions,  and  is  correctly 
ijidtcihted  by  the  manometer. 

The  tracing  of  the  pulse  (sphygmog^ram),  obtained  by  the  use  of 
the  sphygmogniph,  diffors  somewhat  according  to  the  artery  upon  which 
it  is  applied,  but  its  getuiral  characters  are  much  the  same  in  all  cases. 
It  oonaists  of :— A  sudden  upstroke  (fig.  l^S4,  a),  which  is  somewhat 


Fig.  ISI^^Dlagimm  of  pulse  trBcing.    a,  Up-slroke;  b,  dowu-stroke:  o,  pr^-dlcrotic  wave;  d.  di- 
crotic; B,  poat-dicroUc  wave. 

higher  and  more  abrupt  in  the  pulse  of  the  carotid  and  of  other  arteries 
aear  the  heart  than  in  the  radial  and  other  arteries  more  remote;  and 
agmdaul  decline  (b),  less  abrupt,  and  therefore  taking  a  longer  time 
than  (a).  It  is  seldom,  however,  that  llie  decline  is  an  uninterrupted 
faU;  it  is  usually  marked  about  half- way  by  a  distinct  notch  (c),  cailed 
thfO  dicrvhc  notch,  which  is  caused  by  a  second  more  or  less  marked 
at  of  the  leyer  at  that  point  by  a  second  wave  called  the  dicrotic 
(d);  not  unfrequently  (in  whicb  case  the  tnioing  is  said  to  have  a 
double  apex)  there  is  also  soon  after  the  commencement  of  the  descent 
a  flight  aaoent  previous  to  the  dicrotic  notch;  this  is  called  the  pre- 
dicroiicwam  (c),  and  in  addition  there  may  bo  one  or  more  slight  ascents 
alter  the  dicrotic,  called  pnst'dicrotic  (e). 

Tbe  explanation  of  these  tracings  presents  some  difficulties,  not, 
liiiv«Pi^r^  as  regards  the  two  primary  factors,  viz.,  the  upstroke  and 
dawnstrokep  because  they  are  universidly  taken  to  mean  the  sudden  in- 
jtotion  of  blood  into  the  already  full  arteries,  and  the  gnidual  fall  of 
tbift  kirer  signifying  the  recovery  of  the  arteries  by  their  recoil     These 


206 


HANDBOOK   OF   PHYSIOLOGY. 


points  may  be  demonstnited  on  a  system  of  eluatic  tubas,  with  a  sjritjge 
to  pump  in  water  at  regulur  intervals,  just  as  well  as  on  the  radial 
artery,  or  on  the  more  complicated  system  of  tubes  in  which  the  he^rt, 
the  arteries,  the  capillaries  and  veins  are  represented,  which  is  knoru 
as  an  arterial  sc/iema.    If  we  place  two  or  more  sphygniographa  upon 


Ttg.  185.— DlagFUii  of  the  formatjoii  of  the  piilse-trAcloi;.    ^  FerouHtloQ  wave;  b,  tfdAl  ware;  o, 

dicrotic  wave.    <  Mobomed.) 


such  a  system  of  tubes  at  increasing  distances  from  the  pump,  we  may 
demonstrate  first*  that  the  rise  of  the  lever  commences  earliest  in  that 
nearest  the  pump,  and  secondly,  that  it  is  higher  and  more  sudden, 
while  at  a  longer  distance  from  the  pump  the  wave  is  less  marked^  and 
a  little  later.  So  in  the  arteries  of  the  body  the  wave  of  blood  gradu- 
ally gets  loss  and  less  as  we  approach  tlie  periphery  of  the  arterial  sys- 
tem, and  is  lost  in  the  capillaries,  according  to  Mahomed.     By  the 


Fig,  lS6.-*-Atiacrrotic  pube  from  a  ease  of  aortic  aneurism,  a,  Anacrotk;  wave  (or  percnagton  waTO); 
K,  tfdal  or  pre-cUcrotic  wave,  coDtluued  riae  iu  tenaioD  tor  hij?lii^r  ticlaJ  waw). 

sudden  injection  of  blood  two  distinct  waves  are  produced,  which  are 
called  the  h'dttl  and  jmrumion  waves.  Tlie  tidal  wave  occurs  whenever 
fluid  is  injected  into  an  elastic  tube  {^g*  185^  b),  and  is  due  to  the  ex- 
pansion of  the  tube  and  its  more  gradual  collapse.  The  percussion  wave 
occurs  (fig.  185,  a)  when  the  impulse  imparted  to  the  fluid  is  more  sod- 
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deD;  thiB  causes  an  abrupt  upstroke  of  the  le^er*  which  then  faUs  until 
it  is  again  caught  up  perhaps  by  the  tidal  wave  which  begins  at  the 
s^rne  time  but  is  not  so  quick. 

In  this  wa}%  generally  speakings  the  apex  of  the  upstroke  is  double, 
the  second  upstroke,  the  so-called  pre-dicrotic  elevation  of  the  lever, 
representing  the  tidal  wave.  The  double  apex  is  most  marked  in  trac- 
ings from  large  arteries,  especially  when  their  tone  is  deficient.  In 
Inicings  from  arteries  of  medium  aize^  e^g*,  the  radial^  on  the  other  hand, 
the  upstroke  is  usually  single.  In  this  case  the  percussion-impulse  is 
not  sufficiently  strong  to  jerk  up  the  lever  and  produce  an  effect  distinct 
frora  that  of  the  tidal  wave  which  immediately  follows  it,  and  which 
continues  and  completes  the  distention.  In  cases  of  feeble  arterial  ten- 
sion, however,  the  percussion-impulse  may  be  traced  by  the  sphygmo- 
graph,  not  only  in  the  carotid  puise^  but  also  to  a  less  extent  in  the 
radiah 

The  interruptions  in  the  downstroke  are  called  the  eatacrotic  waves, 
to  distinguish  them  from  an  interruption  in  the  upBtroke,  called  the 
anarrotic  wave,  occasionally  met  with  in  cases  in  which  the  pre-dicrotic 
or  tidal  wave  is  higher  than  the  percussion  wave. 

There  is  considerable  difference  of  opinion  both  us  to  whether  the 
dicFOttc  wave  is  present  in  health,  and  also  as  to  its  cause.  The  balance 
of  opinion,  however,  appears  to  be  in  favor  of  the  belief  that  the  dicrotic 
wave  to  a  greater  or  lesser  degree  is  present  in  beallh;  in  certain  condi- 
tions not  necessarily  diseased,  it  becomes  so  marked  as  to  be  quite  jdain 
to  the  unaided  finger.  Such  a  pulse  is  called  dirrotic.  Sometimes  the 
dicrotic  rise  exceeds  the  initial  upstroke,  and  the  pulse  is  then  called 
ft  ype  r 'die  rot  ic. 

As  to  the  cause  of  dicrotism^  one  opinion  (1)  is  that  it  is  due  to  a 
recovery  of  pressure  during  the  elastic  recoil,  in  conse<|uence  of  a  rebound 
from  the  periphery.  It  may  indeed  be  produced  on  a  schema  by  ob- 
structing the  tube  at  a  little  distance  beyond  the  spot  where  the  sphyg- 
mograph  is  placed.  Against  this  view,  however,  is  the  fact  that  the 
notch  appears  at  about  the  same  point  in  the  downstroke  in  tracings 
from  the  Ciirotid  as  from  the  radial,  and  not  first  in  the  radial  tracing, 
as  it  should  do,  if  this  theory  was  correct,  since  that  artery  is  nearer  the 
periphery  than  the  carotid,  and  as  it  does  in  the  corresponding  experi- 
ment with  the  arterial  schema  when  the  tube  is  obstructed.  {%)  The 
generally  accepted  notion  among  clinical  observers,  is  that  the  dicrotic 
wave  is  due  to  the  rebound  from  the  aortic  valves  which  causes  a  second 
wave;  but  the  question  cannot  be  considered  settled,  and  the  presence 
of  marked  dicrotism  in  cases  of  hemorrhage,  of  anaemia  and  of  other 
weakening  conditions,  as  well  as  in  cases  of  diminished  pressure  within 
the  arteries,  would  imply  that  it  may,  at  any  rate  sometimes,  be  due  to 
the  altered  specific  gravity  of  the  blood  within  the  vessels,  either  directly 
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or  through  the  indirect  effect  of  these  conditions  on  the  tone  of  the 

arterial  walls* 

Waves  may  bo  produced  in  any  elastic  tube  when  ii  fluid  i&  being 

driTon  througli  it  with  an  intermittent  force,  such  waves  being  called 

warns  ofu.sriliaiion  (M.  Foster).  Their  origin  has  received  various  ex- 
planations. In  an  arterial  schema  they 
vary  with  the  specific  gravity  of  the 
fluid  used,  and  with  the  kind  of  tub- 
ing* and  may  be  therefore  supposed  to 
vary  in  the  body  with  the  condition  of 
tlie  blood  and  of  the  arteries. 

Some  consider  the  secondary  waree 
in  the  downatroke  of  a  normal  tracing 
to  be  oscillation  waves;  but,  as  just 
mentioned,  even  if  this  be  ihe  c^se,  as 
is  most  likely  with  post-dicrotic  waves, 
the  dicrotic  wave  itself  is  almost  cer- 
tainly due  to  the  rebound  from  the 
aortic  valves. 

The  anacrotic  notch  is  usually  as- 
sociated with  disease  of  the  arteries* 
ej/,f  in  atheroma  and  aneurism*  The 
dicrotic  notch  is  called  diastolic  or 
aortic,  and  in  point  of  time  indicates 
the  closure  of  the  aortic  valves. 

Of  the  three  main  parts  then  of  a 
puke-tracing,  viz.,  the  percugsion  ware^ 
the  tidal,  and  the  dicrotic,  the  percns- 
sion  wave  is  produced  by  sudden  and 
forcible  contraction  of  the  heart,  per- 
haps exaggerated  by  an  excited  action, 
and  may  be  transmitted  much  more^ 
rapidly  than  the  tidal  wave,  and  so  the 
two  may  be  distinct;  frequently,  how- 
ever, they  are  inseparable.  The  di- 
crotic wave  may  be  as  great  or  greater 
than  the  other  two, 
According  to  Mahomed,  the  distinctness  of  the  three  waves  depends 

upon  the  following  conditions;  — 

The  perctuxion  wave  is  iucreased  by: — 1,  Forcible  contraction  of  the 

Heart;  2.  Sudden  contmction  of  the  Heart;  3.  Large  volume  of  blood; 

4,  Fulness  of  vessel;  and  diminished  by  the  reversed  conditions. 

The  fidai  wave  is  increased  by: — L  Slow  and  prolonged  contraction 

of  the  Heart]  2,  Large  volume  of  blood;  3.  Comparative  emptiness  of 


Piff,  1ST. -~  DiAirmrw  of  fuUe  euft-es 
Willi  exagiFPratlion  of  one  or  or  her  of  tlio 
tlireo  wmwm.  A.ptammion:  B.  ticUl:  i\ 
<llemttc.  1 ,  Perconloo  wave'irery  markt*d ; 
%  ddal  w*T«n]i1disii;  S«  dicrotic  polBBCurYtf!; 
4  And  ft,  tlw  tidftl  w»ve  vwy  engge»t«d, 
^iblgh  tendon.    CMAbomed.) 
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is;  4.  Diminished  outflow  or  slow  capillary  circulation;  and  dimin- 
by  the  reverse  conditions. 

^iQ  dicrotic  wave  ia  increased  by: — L  Sudden  contraction  of  the 

2.  Low  blood  pressure;  3.  Increased  outflow  or  rapid  capillary 

Ircalation;  4,  Elasticity  of  the  aorta;  5»  Relaxation  of  mnscular  coat; 

id  diminighed  by  the  reversed  conditions. 

In  the  use  of  the  sphygmograph  care  must  be  taken  as  to  the  careful 

ilation  of  the  pressure.     If  the  pressure  be  too  great,  the  characters 

Jf  the  pulse  may  be  almost  entirely  obscured,  or  the  artery  may  be 

itirely  obstructed,  and  no  tracing  is  obtained;  and  on  the  other  hand. 


B 


t8B.^A,  NormAl  pulM-tnctiiir  f^ixi  nidliiil  of  h^^alttiy  adult.  ohtAiDed  bjrthe  apliTgmometer. 
^  fVom  flame  Artery,  wUli  ttie  same  e3Ctr&^>iuterUl  preasujnf^^  taken  during  Acute  nuaJ  oat&rrh, 

'  the  pressure  be  too  slight,  a  very  small  part  of  the  characters  may  be 
epresented  on  the  tracing. 

It  ia  necessary  to  mention  that  Roy  and  Adami,  by  comj>ariftf>n  of  tract nge 
of  mtra-ventricularpr«?ftHun>  with  pnlne  tracinge  obtaiuet!  by  tbe  sphygmumet^r, 
have  come  to  the  following  conclusions,  differing  from  Mahomed  (whose  de- 
ecription  has  been  ehieHy  followed  in  the  text)  in  several  particularH.  Tlie 
pulse  tracing  obtainetl  from  the  radial  of  a  healthy  man  is  repreaent-etl  in  the 
diagram  (fig.  188),  in  which  the  different  i*art8  of  the  tracings  are  marked  out. 

These  may  be  thui*  de«cril)ed  :^ 

(1)  Upstroke,  which  may  vary  both  in  rapidity  and  in  height;  the  height 
Taries  with  the  volume  of  blood  exy>elled  at  each  syettile,  with  the  amount  of 
peripheral  resistance,  and  with  the  degree  of  rigidity  of  the  arterial  walls ;  the  ra* 
pidity  depends  upi>D  the  rapidity  of  the  outflow  from  heart.  (2)  The  Bec43nd  part, 
nsoaUy  called  the  percussion  wave,  is  believed  by  tliese  authon*  to  be  due  to 
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The  CafObirj  Flow* 


F^.  HD.^nHiaiKiM  fa>  fa  ^ 


with  wUch  it  ii 


cre&sed  by  the  < 
brought  in  oonteet* 

When  tbe  capiBATj  cirmliliaB  ii  aanaed  is  any  tnaspftrent  p&rt 
of  a  full-grown  llTing  aidmsl  hg  nan  of  Ike  sksraaoope  (fig.  1B9),  tbe 
blood  is  seen  to  fioiv  witb  a  liwilMit  lyiiHn  miliaB;  tlie  red  blood- 
<K)rpiieclaB  moTing  along,  moBtlj  in  angle  fie,  and  bending  in  Trnhous 
ways  to  aooommodate  tbemaetvei  fto  the  jmHimim  oamxat  of  tbe  capUlvyi 
but  instantly  reooTering  tl«r  init»J  Mtfi&e  «b  nf  hiTig  a  wider  weemiL 
At  the  circumira^enoe  of  iht  tftream  in  tbe  hsrgcr  capiUarieB,  bat 
aepeciaUy  well  marked  in  the  anafl  «rtcriee  and  wa^  in  oontaet  with 
tiie  walk  of  the  TeBsd,  and  mSbemg  to  tliaii,  fltfre  ii  a  layer  of  liquor 
sanguinis  which  ^>pearB  to  be  motknleK.  The  exifteuce  of  this  still 
laj^r,  ae  it  i£  termed,  ib  inferred  borth  from  tbe  gmml  fmei  tbat  such 
Ml  one  exists  in  all  fine  tulie^  trarersed  by  ftni,  ead  from  wbat  oan  be 
eeen  in  wat<^ing  the  moTementa  of  tbe  bloodHaarpaaclea.  The  red 
i  occupy  the  aiddle  ol  tbe  utiijeiii  and  bov«  with  compaiatiTe 
f^  Ibe  oolorlesi  tmpiuaiiiMi  ran  »icb  nofie  alowly  by  the  walls  of 
while  next  to  the  wall  there  ie  efteft  a  tnamfMeni  apace  in 
L  tbe  fluid  appears  to  be  at  rest;  for  if  wmj  of  ll»e  oorpuMsIee  hap- 
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Ipen  to  be  forced  within  it,  they  movo  more  slowly  thun  before,  rolling 
ily  along  the  side  of  the  vessel,  and  often  adhering  to  its  wait    Part 
[of  this  slow  movement  of  the  colorless  corpuscles  and  their  occasional 
[stoppage  may  be  due  to  their  having  a  natural  tendency  to  adhere  to 
the  walls  of  the  vessels.     Sometimes,  indeed,  when  the  motion  of  the 
blood  is  not  strong,  many  of  the  white  corpuscles  collect  in  a  capillary 
vessel,  and  for  a  time  entirely  prevent  the  passage  of  the  red  corpuscles. 
When  the  peripheral  resistance  is  greatly  diminished  by  the  dilata- 
tion of  the  small  arteries  and  capillaries,  so  much  blood  passes  on  from 
the  arteries  into  the  capillaries  at  each  stroke  of  the 
heart,  that  there  is  not  sufficient  remaining  in  the 
arteries  to  distend    them.     Thus,  the    intermittent 
current  of  the  ventricular  systole  is  not  converted 
into  a  continuous   stream    by  the  elasticity  of  tiie 
arteries  before  the  capillaries  are  reached;  and  so  in- 
termittency  of  the  flow  occurs  both  in    capillaries 
and  veins  and  a  ])ul8e  is  produced.     The  mme  phe- 

k^— -— m  nomenon  may  occur  when  the  arteries  become  rigid 

i  vV^hF^         from  disease,  and  when  the  beat  of  the  heart  is  so 
IjBJ  \  slow  or  so  feeble  that  the  blood  at  each  cardiac  sys- 

"x^BwR*       tole  has  time  to  pass  on  to  the  capillaries  before  tlie 
VBIA        next  stroke  occurs;  the  amount  of  blood  sent  at  each 
VmB|\       stroke   being   ineullicient   to   properly   distend  the 
\  elastic  arteries. 

It  was  formerly  supposed  that  the  occurrence 
of  any  transudation  from  the  interior  of  the  capil- 
laries into  the  midst  of  the  surrounding  tissues  was 
confiiiedj  in  the  absence  of  injury,  strictly  to  the 
fluid  part  of  the  blood;  in  other  words,  that  the 
corpuscles   could   not   escape   from   the  circulating 

I  stream,  unless  the  wall  of  the  containing  blood-voBsel 

was  ruptured.  It  is  true  that  an  English  physiologist,  Augustus  Waller, 
affirmed,  in  1846,  that  he  had  seen  blood-corpuscles,  both  red  and  white, 
pass  bodily  through  the  wall  of  the  capillary  vessel  in  which  they  were 
containeil  {thus  confirming  what  had  been  stated  a  short  time  previously 
by  Addison);  and  that, as  no  opening  could  be  seen  before  their  escape, 
80  none  could  be  observed  afterward — so  rapidly  was  the  part  healed. 

I  But  these  observations  did  not  attract  much  notice  until  the  phenome- 
uon  of  escape  of  the  blood-corpuscles  from  the  capillaries  and  minute 
veins,  apart  from  mechanical  injury,  were  re-discovered  by  Cohnheim 
in  1867. 
■  Cohnheim 's  experiment  demonstrating  the  passage  of  the  corpuscles 
tbrough  the  wall  of  the  blood-vessel  is  performed  in  the  following  man- 
ner,    A  frog  is  urarizedj  that  is  to  say,  paralysis  is  produced  by  ejecting 


Ptir.  lOo.^AUuwcar 

pOlajy  fpcrtji  the  Jmg'a 
meacnigry  el^rbt  bouni 
after  irritation  Jind 
baeo  set  up,  sbowiD^ 

CJtes.  a.  Oils  in  th« 
Aiet  of  travpHfiinj;  tlie 
c«pQlAry  wall;  b,  gome 

(Frey.) 


THB  CI 


!ttION    OP  THE   BLOOD. 


2U 


re0|  which  are  in  consequence  closed.  Thus,  whatever  force  is  excr- 
by  the  pressure  of  the  muscles  on  the  veios,  is  distributed  partly 
pressing  the  blood  onward  in  the  proper  course  of  the  rircnlation, 
!id  partly  in  pressing  it  backward  and  closing  the  valves  behind » 
The  circulation  might  lose  as  much  as  it  gains  by  such  an  action,  if 
^it  were  not  for  the  numerous  communications,  one  with  another;  for 
through  these,  the  closing  up  of  the  venous  channel  by  the  backward 
procure  is  prevented  from  being  any  serious  hindrance  to  the  cireula- 
JE,  since  the  blood,  of  which  the  onward  course  is  arrested  by  the 
valves,  can  at  once  pass  through  some  anastomosing  channel,  and 
on  its  way  by  another  vein.  Thus,  therefore,  the  effect  of  mus- 
cular pressure  upon  veins  which  have  valves,  is  turned  almost  entirely 
to  the  advantjige  of  the  circuktion ;  the  pressure  of  the  blood  onward 
is  all  advantageous,  and  the  pressure  of  the  blood  backward  m  prevented 
from  being  a  hindrance  by  the  closure  of  the  valves  and  the  anastomoses 

Pof  the  veins. 
In  the  web  ol  the  bat*a  wing,  the  veins  are  furnished  with  valves, 
and  possess  the  remarkable  property  of  rhythmical  contraction  and 
•  dilatation,  whereby  the  cuiTent  of  blood  within  thorn  is  distinctly  accel- 
B  erated.     The  contraction  occurs,  on  an  average,  about  ten  times  in  a 
minute;   the  existence  of  valves  preventing  regurgitation,  the  entire 
_,  effect  of  the  contractions  was  auj^iliary  to  the  onward  current  of  blood. 
■  Jknalogous  phenomena  have  been  observed  in  other  animals. 
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The  velocity  of  the  blood -current  at  any  given  point  in  the  various 
divisions  of  the  circulatory  system  is  inversely  proportional  to  their  sec- 
tional area  at  that  point.  If  the  sectional  area  of  all  the  branches  of  a 
Tesael  united  were  always  the  same  as  that  of  the  vessel  from  which  they 
arisei  and  if  the  aggregate  sectional  area  of  the  capillary  vessels  were 
€qual  to  that  of  the  aorta,  the  mean  rapidity  of  the  blood's  motion  in  the 
capillaries  would  be  the  same  as  in  the  aorta;  and  if  a  similar  corre- 
spondence of  capacity  existed  in  the  veins  and  arteries,  there  would  be 
an  equal  correspondence  in  the  rapidity  of  the  circulation  in  them.  But 
the  arterial  and  venous  systems  may  be  represented  by  two  truncated 
cones  with  their  apices  directed  toward  the  heart;  the  area  of  their 
united  base  (the  sectional  area  of  the  capillaries)  being  400—800  times 
as  great  as  that  of  the  truncated  apex  representing  the  aorta.  Thus 
the  velocity  of  blood  in  the  capillaries  is  not  more  than  ^Jir  ^^  that  in 
the  aorta. 

In  the  Arhries.^-'The  velocity  of  the  stream  of  blood  is  greater  in 
the  arteries  than  in  any  other  part  of  the  circulatory  system,  and  in  them 
it  is  greatest  in  the  neighborhood  of  the  heart,  and  during  the  ventricu- 
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under  the  skin  a  minute  qimntity  of  the  poison  called  urari;  and  iW 
abdomen  having  been  opened,  a  portion  of  small  intestine  is  drawn  mi, 
and  its  tmiisparent  mesentery  spread  out  under  a  microBCOpe.  After 
a  variable  time,  occupied  by  dilntution,  following  contraction  of  the 
minute  vessels  and  accompanying  quickening  of  tlie  blood-stream,  there 
ensuea  a  retardation  of  the  current,  and  blood -corpuscles,  both  red  anij 
white,  begin  to  nuike  their  way  through  the  capillaries  and  small  vein*. 

The  process  of  diapedesis  of  the  red  corpuscles,  which  occurs  nnd€T 
circumstances  of  impeded  venous  circulation,  ^^nd  consequently  increased 
blood-pressure,  resembles  closely  the  migration  of  the  leucocytes,  with 
the  exception  thiit  they  are  squeezed  throngh  the  wall  of  the  vessel,  and 
do  not,  like  them,  work  their  wa}*  through  by  amceboid  moveraent. 

Various  explanations  of  these  remarkable  phenomena  have  been 
suggested.  Some  believe  that  pseud o-stomata  between  con tig:noug  endo- 
thelial eelltn  provide  the  means  of  escape  for  the  blood -corpuscles*  But 
the  chief  share  in  the  process  is  probably  to  be  found  in  the  vital  en- 
dowments with  respect  to  mobility  and  contraction  of  the  parts  con- 
cerned — both  of  the  corpuscles  and  of  the  cajvillary  wall  itself. 

The  circulation  through  the  capillaries  must,  of  necessity,  be  largely 
influenced  by  that  which  occurs  in  the  vessels  on  either  side  of  them— 
in  the  arteries  or  the  veins;  their  intermediate  position  causing  them  to 
feel  at  once,  so  to  speak,  any  alteration  in  the  size  or  rate  of  the  arterial 
or  venous  blood-stream.  Thus,  the  apparent  contmction  of  the  capilla- 
ries, on  the  application  of  certain  irritating  substances,  and  during  fear, 
and  their  dilatation  in  blushing  may  be  referred  primarily  to  the  action 
of  the  small  arterios.  But  however  greatly  the  capillaries  may  be  in- 
fluenced by  the  arterial  and  venous  flow,  and  by  the  condition  of  the 
parts  which  surround  and  support  them,  they,  too,  must  be  looked  upon 
not  as  mere  passive  channels  for  the  passage  of  blood,  but  as  possessing 
endowments  of  their  own  relation  to  the  circulation.  The  capillary 
wall  is  actively  living  and  contractile;  and  there  is  no  reason  to  doubt 
that,  as  Buch,  it  must  have  some  influence  in  connection  with  the  blood- 
current. 


The  Venous  Flow. 

The  blood-current  in  the  veins  is  maintained  (a)  primarily  by  the  vis 
a  tergo  of  the  contraction  of  the  left  ventricle;  but  very  effectual  assist- 
ance to  the  flow  is  afforded  (b)  by  th  ■  action  of  the  muscles  capable  of 
pressing  on  the  veins  with  valves,  as  well  as  (c)  by  the  suction  action  of 
the  heart. 

The  eifect  of  muscular  pressure  upon  the  circulatioB 
explained.     When  pressure  is  applied  to  any  part  ^f 
current  of  blood  in  it  is  obstructed,  the  portion  bnliii* 
sure  becomes  swoDen  and  distended  as  far  bacr 
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Talves,  which  are  in  consequeBce  closed.  Thus,  whatever  force  is  exer- 
cised by  the  pressure  of  the  museles  on  the  veins,  ia  distributed  partly 
in  pressing  the  blood  onward  in  the  proper  coarse  of  the  circulation, 
And  partly  in  pressing  it  backward  and  closing  the  valves  behind* 

The  circulation  might  lose  as  much  as  it  gains  by  such  an  action j  if 
it  were  not  for  the  numerous  communications,  one  with  another  j  for 
through  these,  the  closing  up  of  the  venous  channel  by  the  backward 
pressure  is  prevented  from  being  any  serious  hindrance  to  the  circula- 
tion,  since  the  blood,  of  which  the  onward  course  is  arrested  by  the 
closed  valves,  can  at  once  pass  throiigli  some  anHstomosing  channel*  and 
proceed  on  its  way  by  another  vein.  Thus,  therefore,  the  effect  of  mus- 
cular pressure  upon  veins  which  have  valves,  is  turned  almost  entirely 
to  the  advantage  of  the  circulation;,  the  pressure  of  the  blood  onward 
is  all  advantageous,  and  the  pressure  of  the  blood  backward  is  prevented 
from  being  a  hindrance  by  the  closure  of  the  valves  and  the  anastomoses 
of  the  veins. 

In  the  web  of  the  bat*s  wing,  the  veins  are  furnished  with  valves, 
and  poasees  the  remarkable  property  of  rhythinical  contraction  and 
dilatation,  whereby  the  current  of  blood  within  them  is  distinctly  accel- 
erated. The  contraction  occurs,  on  an  average,  about  ten  times  in  a 
minute;  the  existence  of  valves  preventing  regnrgitation,  the  entire 
effect  of  the  contractions  was  auxiliary  to  the  onward  current  of  blood. 
Analogous  phenomena  have  been  observed  in  other  animals. 

The  Velocity  of  the  Flow. 

The  velocity  of  the  blood-current  at  any  given  point  in  the  various 
divisions  of  the  circulatory  system  is  inversely  proportional  to  their  sec- 
tional area  at  that  point.  If  the  sectional  area  of  all  the  branches  of  a 
vessel  united  were  always  the  same  as  that  of  the  veseel  from  which  they 
arise,  and  if  the  aggregate  sectional  area  of  the  capillary  vessels  were 
equal  to  that  of  the  aorta,  the  mean  rapidity  of  the  blood's  motion  in  the 
capillaries  would  be  the  same  as  in  the  aorta;  and  if  a  similar  corre- 
spondence of  capacity  existed  in  the  veins  and  arteries,  there  would  be 
an  ef|ual  correspondence  in  the  rapidity  of  the  circulation  in  them.  But 
the  arterial  and  venous  systems  may  be  represented  by  two  truncated 
cones  with  their  apices  directed  toward  the  heart;  the  urea  of  their 
united  base  (the  sectional  area  of  the  ciipillaries)  being  400—800  times 
as  great  as  that  of  the  truncated  apex  representing  the  aorta.  Thus 
the  velocity  of  blood  in  the  capillaries  is  not  more  than  ^^  of  that  in 

m  velocity  of  the  stream  of  blood  is  greater  in 
therpart  of  the  circulatory  system,  and  in  them 
borhood  of  the  hearty  and  during  the  ventricu- 
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lar  systole.     The  rate  of  movpmeet  diminishes  during  the  diastole  af 
the  ventricles,  und  in  the  parts  of  the  arterial  system  most  distant  from 
the  heurt.     Chauveau  baa  estimated  tht?  rapidity  o!  the  blood -stream  in 
the  carotid  of  the  horse  at  over  20  inches  per  second  during  the  heart's  ■ 
systole,  and  nearly  C  inches  during  the  diastole  (520-150  mm,).  f 


Estimation  of  the  Velocity. — Various  instruments  have  been  devised  for 
mesuring  thf?  Telocity  of  the  blood-stream  in  the  arteries.  Lud wig's  Stromuhr 
(fi^-  t9i)  coDsint^s  of  a  U-s'**ai>ed  glass  tube  dilated  at  a  and  n\  tlie  ends  of 
whicb,  h  and  *,  are  of  known  calibre.  Tlie  bulbs  can  be  fille<l  by  a  com  man 
opening  at  k.  The  instrument  is  so  contriTed  that  at  b  and  b'  the  glass  part  is 
flnuly  ftxefl  into  nietid  cylinders,  attached  to  a  circu- 
lar hi(riz<»ntal  table*  v  c\  caimble  of  horizontal  mov0- 
raeot  on  a  similar  table  d  d  alx)ut  the  vertical  axiA 
marked  in  fij^ire  by  a  dotted  line.  Tlie  opening  inrr, 
when  the  instrument  is  in  jK^sition*  as  io  fig.,  cor- 
r(;@]X)nds  exactly  with  those  in  d  d' ;    but  if    c  c  be 


Diagram  of  Ch&uireau'^fi  iDstnuneDt. 


Fig.  103. 


a.  Brass  tube  for  IntrtHlitctioQ  inVo  tb«  lmn«a  of 

and  (ymteduinK  ao  index  neerlle.  which  pasMeii  thrcMu^h  the  elastic  membram;  In  its  «ider 

'      '  --....  Graduated  icale,  for  measuring  the  extent  of 
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and  muvea  hy  the  impulie  of  the  blood-current 
the  ufteillatlottii  of  the  needle, 


turned  at  right  angles  to  its  preaent  position,  there  is  no  commimication  be* 
tween  k  and  «,  and  *  and  a,  but  h  communicates  directly  with  i ;  and  if 
turned  through  two  right  angles  c'  communicates  with  d,  and  c  witli  d ,  and 
there  is  no  direct  commimication  between  h  and  /.  The  experiment  is  per- 
formed in  the  following  way: — The  artery  to  be  experimented  upon  is  divided 
and  connected  witli  two  cauulii3  and  tnbes  which  fit  it  accurately  with  h  and 
I — h  the  central  end,  and  *  the  peripheral ;  the  bulb  a  is  filled  wilh  olive  oil  up 
to  a  iwint  rather  lower  tlian  k,  aud  a  and  the  remainder  of  a  is  filled  with 
deflbrinated  blood ;  the  tut)e  on  k  is  then  c^irefuUy  clamped  :  tlie  tubes  d  and 
d'  are  also  filled  with  defibrmated  bloxl.  ^VTien  everything  is  ready,  the  blood 
is  allowed  to  flow  into  n  thrtnigh  h,  and  it  pushes  liefore  it  the  oil,  and  that 
the  deflbrinated  blood  into  the  artery  through  t",  and  replaces  it  in  a' :  when  the 
blood  reaches  the  former  level  of  the  oil  in  a',  tlie  disc  c  c'  is  turned  rapidly 
through  two  right  angles^  and  the  blood  flowing  through  d  into  a  again  dis- 
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places  the  oil  which  is  driven  into  a.  This  is  repeated  .several  times,  and  the 
duration  of  the  experiment  noted.  Tlie  capacity  c»f  a  and  a  is  known  ;  the 
diameter  of  the  artery  is  also  known  by  its  rorresiM>ndiDg  with  tlie  caniiht'  of 
known  diameter,  and  as  the  number  of  tiriiew  a  fias  lieen  tilled  in  a  given  time 
IB  known,  the  velocity  of  the  cuirent  can  lie*  calculated. 

Chauvaau's  instrument,  fig.  1SJ*2,  consists  of  a  thin  brass  tube,  a  in  one  side 
of  which  is  a  small  i^erforation  closetl  by  thin  vuleani!te<i  india-rubber.  Pass- 
iui^  thrtmgh  the  rubber  \»  a  fine  lever^  one  end  of  which,  slightly  tlattenetK 
extendi  into  the  lumert  of  the  tube,  while  the  other  moves  over  the  face  of  a 
dial.  The  tube  is  inserted  into  the  interior  of  an  artery,  and  ligatures  applied  to 
ftx  1%  so  that  the  movement  of  the  bbxid  rimy,  in  flowing  through  die  tuL»e,  l>e 
indicated  by  the  movement  of  the  outer  extremity  of  the  lever  on  the  face  of 
the  dial. 

The  ntEniatochoTtteter  of  Vierordt,  and  the  instrtiment  of  Lortet,  resemble  in 
principle  that  of  Chauveau. 

In  the  Capinarien.—ThB  observation  of  Hales,  E.  H,  Weber,  and  Val* 
en  tin  agree  rery  closely  as  to  the  rate  of  the  blood-current  in  the  capil- 
laries of  the  f ro^ ;  and  the  mean  of  their  eBtimatea  gives  the  Telocity  of 
the  systemir  capillary  circulation  at  about  odc  inch  (2b  ram,)  per  min- 
ute. The  velocity  in  the  capillaries  of  warm-blooded  animals  is  greater. 
In  the  dog  ^V  ^^  ilr*  i^c^t^  ("^  ^^  ,75  mm.)  a  second.  This  may  seem 
inconsistent  with  the  facts,  which  show  that  the  whole  circulation  is 
accomplished  in  about  half  a  minute.  But  the  whole  length  of  capillary 
Teeselfl,  through  which  any  given  portion  of  blood  has  to  pass,  ]vrobably 
does  not  exceed  from  jif^th  to  tj^^^Ii  of  an  inch  (,5  mm,);  and  therefore 
the  time  required  for  each  quantity  of  blood  to  traverse  its  own  appointed 
portion  of  the  general  capiOary  system  will  scarcely  amount  to  a  second. 

In  the  F(?t w«p— The  velocity  of  the  blood  is  greater  in  the  veins  than 
in  the  capillaries,  but  less  than  in  the  arteries:  this  fact  depending  upon 
the  relative  capacities  of  the  arterial  and  venous  systems.  If  an  accurate 
estimate  of  the  proportionate  areas  of  arteries  and  the  veins  correspond- 
ing to  them  could  be  made,  we  might,  from  the  velocity  of  the  arterial 
current,  calculate  that  of  the  venous.  A  usual  estimate  is,  that  the  ca- 
pacity of  the  veins  is  about  twice  or  three  times  as  gre^t  as  that  of  the 
arteries,  and  that  the  velocity  of  the  blood's  motion  is,  therefore,  about 
twice  or  three  times  as  great  in  the  arteries  as  in  the  veins,  8  inches 
(2CM>  mm.)  a  second.  The  rate  at  which  the  blood  moves  in  the  veins 
gradually  increases  the  nearer  it  approaches  the  heart,  for  the  sectional 
area  of  the  venous  trunks,  compared  with  that  of  the  branches  opening 
into  them,  becomes  gradually  less  as  the  trunks  advance  toward  the  heart. 

Of  the  Cirrnlation  as  a  IJ7/o/e.^It  would  appear  that  a  portion  of 
blood  can  tmverse  the  entire  course  of  the  circulation,  in  the  horse,  in 
half  a  minute.  Of  course  it  would  require  longer  to  traverse  the  vessels 
of  the  most  distant  part  of  the  extremities  than  to  go  through  those  of 
the  neck ;  but  taking  an  avenige  length  of  vessels  to  be  traversed,  and 
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assuming,  as  we  may,  that  the  movement  of  blood  in  the  human  aubject 
is  not  slower  than  in  the  horse,  it  may  be  concluded  that  half  a  minate 
represents  the  average  nite. 

Satisfactory  data  for  these  estimates  are  afforded  by  the  resulta  of 
experiments  to  ascertain  the  rapidity  with  which  poisons  introduced  intD 
the  blood  are  transmitted  from  one  part  of  the  vascular  system  to  an- 
other. The  time  required  for  the  passage  of  a  solution  of  potassium 
ferrocyanide,  mixed  with  the  blood,  from  one  jugukr  vein  (throogh  the 
right  side  of  the  heart,  the  puimouEiry  vessels,  the  left  cavities  of  the 
heart,  and  the  geneml  circulation)  to  the  jugukr  vein  of  the  opposite  ■ 
«ide,  varies  from  twenty  to  thirty  seconds.  The  same  suhatance  was 
transmitted  from  the  jugular  vein  to  the  great  saphena  in  twenty  sec- 
onds: from  the  jugular  vein  to  the  masseteric  artery  in  between  fifteen 
and  thirty  seconds;  to  the  facial  artery,  in  one  experiment,  in  betweeu 
ten  and  fifteen  seconds;  in  another  experiment  in  between  twenty  and 
twenty-five  seconds;  in  its  transit  from  the  jugular  vein  to  the  metatar- 
sal artery,  it  occupied  between  twenty  and  thirty  seconds,  and  in  one 
instance  more  than  forty  seconds.  The  result  was  nearly  the  same 
whatever  was  the  rate  of  Uie  heart's  action. 

In  all  these  experiments,  it  is  assumed  that  the  substance  inject<Mi 
moves  with  the  blood,  and  at  the  same  rate,  and  does  not  move  from 
one  part  of  the  organs  of  circulation  to  another  by  diffusing  itself 
through  the  blood  or  tissues  more  quickly  than  the  blood  moves.  The 
assumption  is  sufficiently  probable  to  be  considered  nearly  certain,  that 
the  times  above  mentioned,  as  occupied  in  the  passage  of  tlie  injected 
substances,  are  those  in  which  the  portion  of  blood,  into  which  each 
was  injected,  was  carried  from  one  part  to  another  of  the  vascular  system. 

Another  mode  of  estimating  the  general  velocity  of  the  circulating 
blood,  is  by  calculating  it  from  the  quantity  of  blood  supposed  to  be 
contained  in  the  body,  and  from  the  quantity  which  can  pass  through 
the  heart  in  each  of  its  actions.  But  the  conclusions  arrived  at  by  this 
method  are  \em  satisfactory.  For  the  total  quantity  of  blood,  and  the 
capacity  of  the  cavities  of  the  heart,  have  as  yet  been  only  approximately 
ascertained.  Still  the  most  careful  of  the  estimates  thus  made  accord 
very  nearly  with  those  already  mentioned;  and  it  may  be  assumed  that 
the  blood  may  all  pass  through  the  heart  in  from  twenty-five  to  fifty 
seconds.  - 

Local  PeGuliarities  of  the  Circulation,  ■ 

The  most  remarkable  peculiarities  attending  the  circulation  of  blood 
through  different  organs  are  observed  in  the  cases  of  the  brainy  the  erec*  m 
Hie  orfffim\  the  lutigs^  the  Hver,  and  the  kidmys. 

In  the  Brain, — For  the  due  performance  of  its  functions  the  brain 
requires  a  large  supply  of  blood.    This  object  is  effected  through  the 
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SELntnber  and  size  of  its  arteries,  the  two  internal  carotids,  and  the  two 
Tertebrals,  It  is  further  necessary  that  the  force  with  which  this  blood 
is  sent  to  the  brain  ghouM  be  less,  or  at  least  should  be  subject  to  less 
Tariation  from  external  circumstancefl  than  it  is  in  other  parts,  and  so 
the  largo  arteries  are  very  tortuous  and  anastomose  freely  in  the  circle 
of  Willis,  which  thus  insures  that  the  supply  of  blood  to  the  bmin  is 
uniform,  though  it  may  by  an  accident  be  diminished,  or  in  some  way 
changed,  through  one  or  more  of  the  principal  arteries.  The  transit  of 
the  large  arteries  through  bone,  especially  the  carotid  canal  of  the  tem- 
poral bone,  may  prevent  any  undue  distention;  and  uniformity  of  gup- 
ply  is  further  insured  by  the  arrangement  of  the  vessels  in  the  pia 
mater,  in  which,  previous  to  their  distribution  to  the  substance  of  the 
bruin,  the  large  arteries  break  up  and  divide  into  innumerable  minute 
bninches  ending  in  capillaries,  which,  after  frecjuent  communicution 
urith  one  another,  enter  the  brain,  and  carry  into  nearly  every  part  of  it 
uniform  and  equable  streams  of  Mood.  The  arteries  are  also  enveloped 
in  a  special  lymphatic  sheatli.  The  arrangement  of  the  veins  within 
the  cranium  is  also  peculiar.  The  large  venous  trunks  or  sinuses  are 
formed  so  as  to  be  scarcely  capable  of  change  of  size;  and  composed, 
us  they  are,  of  the  tough  tissue  of  the  dura  mater,  and,  in  some  instances 
bounded  on  one  side  by  the  bony  cranium,  they  are  not  compressible  by 
any  force  which  the  fulness  of  the  arteries  might  exercise  through  the 
substance  of  the  bmin;  nor  do  they  admit  of  distention  when  the  flow 
of  venous  blood  from  the  bmin  is  obstructed. 

The  general  uniformity  in  the  supply  of  blood  to  the  brain,  which 
is  thus  secured,  is  well  adapted,  not  only  to  its  functions,  but  also  to  its 
condition  as  a  mass  of  nearly  incompressible  substance  placed  in  a  cav- 
ity with  unyielding  walls.  Tliese  conditions  of  the  brain  and  skull  for- 
merly appeared,  indeed,  enough  to  justify  the  opinion  that  the  quantity 
of  blood  in  the  brain  must  be  at  all  times  the  same.  liut  it  was  found 
that  in  animals  bled  to  death,  without  any  aperture  being  made  in  the 
cranium,  the  brain  became  pale  and  un^mlc  like  other  parts.  And  in 
death  from  strangling  or  drowning,  there  was  congestion  of  the  cerebral 
ressels;  while  in  death  by  prussic  acid,  the  quantity  of  blood  in  the 
cavity  of  the  cranium  was  determined  by  the  position  in  which  the  ani- 
mal was  placed  after  death,  the  cerebral  vessels  being  congested  when 
the  animal  was  suspended  with  its  head  downward,  and  comparatively 
empty  when  the  animal  was  kept  suspended  by  the  ears.  Thus,  it  was 
concluded,  although  the  total  volume  of  the  contents  of  the  cranium  is 
probably  nearly  always  the  same,  vet  the  quantity  of  blood  in  it  is  liable 
to  variation,  its  increase  or  diminution  being  accompanied  by  a  simul- 
taneous diminution  or  increase  in  the  quantity  of  the  cerebro-spinal 
fluid,  which,  by  readily  admitting  of  being  removed  from  one  part  of 
the  brain  and  spinal  cord  to  another,  and  of  being  rapidly  absorbed,  and 
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as  readily  effused,  would  serve  as  a  kind  of  supplemental  fluid  to  the 
other  contents  of  the  cranium,  to  keep  it  uniformly  filled  in  case  of 
variutions  in  their  quantity.  And  there  can  be  no  doubt  that,  although 
the  arningemeiitsof  the  blood-vessels,  to  which  reference  has  been  made, 
insure  to  the  brain  an  amount  of  blood  which  is  tolerably  uniform,  yet, 
inasniiicli  as  with  e\ery  beat  of  the  heart  and  every  act  of  re8[>iratiou 
and  under  many  other  circumstances,  the  quantity  of  blood  in  the  cav- 
ity of  the  cranium  is  constantly  varying,  it  is  plain  that,  were  there 
not  provision  made  for  the  possible  displacement  of  some  of  the  contents 
of  the  unyielding  bony  case  in  which  the  brain  is  contained,  there  would 
be  often  alternations  of  excessive  pressure  with  insufficient  supply  of 
blood. 

Chemical  Composition  of  Cerdtro- spinal  Fiuid. — The  cerebro- spinal  fluid  ta 
transimreat,  colorlei*H,  not  viscid,  with  a  saliue  tast^e  and  alkaline  reaction,  and 
is  nut  a/teetefl  by  heat  or  acids.  It  contains  981-4>84  parts  water,  sodium 
chloride,  traces  of  potassmtn  chloride,  of  8iili>hat€s,  carbonates,  alkaline  and 
earthy  phosphates,  miuot*?  traces  of  urea,  sugar,  sod i urn  lactate,  fatty  matter, 
choiesterin,  and  ttlbumen  (Flint). 

In  Erectile  Sfrucfure^, — The  instances  of  greatest  variation  in  the 
quantity  of  blood  contained,  at  different  times,  in  the  same  organs,  are 
found  in  certain  structures  which,  under  ordinary  cireumetances,  are 
soft  and  flaccid,  but,  at  certain  times,  receive  an  unusually  large  quan- 
tity of  blood,  become  distended  and  swollen  by  it,  and  pass  into  the  state 
which  has  been  termed  ererh'ofh  Such  strnctures  are  the  corpora  caver- 
nosa  and  corpus  sp(mffio8um  of  the  penis  in  the  male,  and  the  clifaris  in 
the  female;  and,  to  a  less  degree,  the  itipple  of  the  mammary  gland  in 
both  sexes.  The  corpus  caver nosnm  penis,  which  is  the  best  example 
of  an  erectile  structure,  has  an  external  filvroue  membrane  or  sheath;  and 
from  the  inner  surface  of  the  latter  are  prolonged  numerous  fine  lamellae* 
which  divide  its  cavity  into  small  compartments  looking  like  cells  when 
they  are  inflated.  Within  these  is  situated  the  plexus  of  veins  upon 
which  the  peculiar  erectile  property  of  the  organ  mainly  depends.  It 
consists  of  short  veins  which  very  closely  interlace  and  anastomose  with 
each  other  in  all  directions,  and  admit  of  great  variations  of  size,  col- 
lapsing in  the  passive  state  of  the  organ,  but,  for  erection,  capable  of  an 
amount  of  dilatation  which  exceeds  beyond  comparison  that  of  the 
arteries  and  veins  which  convey  the  blood  to  and  from  them.  The 
strong  fibrous  tissue  lying  in  the  intervals  of  the  venous  plexuses,  and 
the  external  fibrous  membrane  or  sheath  with  which  it  is  connected, 
limit  the  distention  of  the  vessels,  and,  during  the  state  of  erection,  give 
to  the  penis  its  condition  of  tension  and  firmness.  The  same  general 
condition  of  vessels  exists  in  the  corpus  spongiosum  urethras,  but  around 
the  urethra  the  fibrous  tissue  is  much  weaker  than  around  the  body  of 
the  penis,  and  around  the  glans  there  is  none*     The  venous  blood  is 
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returneti  from  the  pltMCuees  by  comparatively  small  veins;  those  from 
the  glans  and  the  fore  part  of  the  iirotlira  empty  themselves  into  the 
dorsal  veins  of  the  penis;  those  from  the  cavernoBum  pitsa  into  deeper 
▼oins  which  issue  from  the  corpora  caTernosa  at  the  crura  penis;  and 
those  from  the  rest  of  the  urethra  and  hulb  pass  more  directly  into  the 
plexQS  of  the  veijis  about  the  prostate.  For  all  these  veins  one  eondi- 
tion  is  the  same;  namely,  that  they  are  liable  to  the  pressure  of  muscles 
when  they  leave  the  penis.  The  muscles  chiefly  concerned  in  tliis  action 
are  the  erector  penis  and  accelerator  urina\  Erection  results  from  the 
distention  of  the  venous  plexuses  with  blood.  The  principal  exciting 
cause  in  the  erection  of  the  penis  is  nervous  irritatioui  originating  in 
the  part  itself,  or  derived  from  the  brain  and  spinal  cord.  The  nervous 
influence  is  communicated  to  the  penis  by  the  pudic  nerves,  which  ram- 
ify in  its  vascular  tissue;  and  after  their  division  in  the  horse  the  penis 
is  no  longer  cjipablo  of  erection. 

This  influx  of  the  blood  is  the  first  condition  necessary  for  erection, 
and  through  it  alone  much  enlargement  and  turgescence  of  the  penis 
may  ensue.  But  the  erection  is  probably  not  complete,  nor  maintained 
for  any  time  except  when,  togetlier  with  this  influx,  the  muscles  already 
mentioned  contract,  and,  by  compressing  the  veins,  stop  the  efflux  of 
bloody  or  prevent  it  from  being  as  great  as  the  influx. 

It  appears  to  be  only  the  most  perfect  kind  of  erection  that  needs 
the  help  of  muscles  to  compress  the  veins;  and  none  such  can  materially 
aasist  the  erection  of  the  nipples,  or  that  amount  of  turgescence,  just 
falling  short  of  erection,  of  which  the  spleen  and  many  other  parts  are 
capable.  For  such  turgescence  nothing  more  seems  necessary  than  a 
large  plexiform  arrangement  of  the  veins,  and  such  arteries  as  may  ad- 
mit, upon  occ4ision,  augmented  quantities  of  blood. 

The  Circulation  in  (h^  Lungs^  Livery  and  Kid  my »  will  be  described 
under  their  respective  heads. 


The  Regulation  of  the  Blood- Flow. 

The  flow  of  blood  is  not  always  the  same,  but  varies : — 


h 

■       (a.)  With  alterations  in  the  force  and  frequency  of  the  contractions 
V  of  the  heart;  and 

(b.)  With  variations  of  the  peripheral  resistance. 

It  is  obvious  that  the  flow  of  blood  may  be  iocreased  under  the 
following  circumstances: — 

(a.)  If  the  force  and  frecjuency  of  the  heart's  beats  be  increased,  and 
the  peripheral  resistance  be  (1)  unchanged,  or  be  (2)  diminished. 

(b.)  If  the  force  and  frerjuency  of  the  heart  be  unchanged,  and  the 
peripheral  resistance  be  diminished. 
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And  miiy  on  the  other  hand  be  diminished; — 

(c.)  If  the  force  and  frequency  of  the  heart's  beats  be  diminished, 

■  and  if  the  periphenil  resistance  be  (1)  unchanged,  or  be  (2)  in- 
creased. 

(d.)  If  the  force  and  frequency  of  the  heart's  beats  he  anchangedf 

■  and  the  peripheral  resistance  be  increased* 

When  the  force  and  frequency  of  the  heart's  contractions  are  in* 
creased  and  at  the  same  time  the  peripheral  resistance  is  increased,  the 
flow  may  be  increased,  diminished,  or  unchanged,  according  aa  either  of 
the  two  factors,  one  of  which  tends  to  increase  the  flow,  and  the  other 
to  diminish  it,  is  more  markoiily  increased,  or  if  they  are  balanced.  The 
com  piemen  tal  pro]>oaitiou  is  also  true,  that  the  flow  may  be  incre^^, 
diminished,  or  unchanged,  when  the  force  and  frequency  of  the  heart's 
contractions  are  diminished,  and  the  peripheral  resistance  is  diminished. 

The  conditions  of  increased  flow  and  of  increase  of  blood  pressure 
are  not  the  same*  Indeed,  the  greatest  blood-flow  may  occur  when  the 
blood  pressure  is  low,  i^e.,  when  the  peripheral  resistance  is  diminished 
and  the  heart's  beat  is  increased  or  is  unchanged.  In  fact  there  is  only 
one  condition  in  which  increased  blood-flow  is  accompanied  by  increased 
blood'pressure,  vi^.,  when  the  heart's  beat  is  increased  and  the  periphe- 
ral reststJince  is  unchanged. 

It  will  be  necessary  now  to  consider  (a)  (he-  wnt/n  in  which  (he  force 
and  frcf/ uencf/  of  thf  Iiearfs  In^fitfi  are  retjulafed  ,'  and  also  (b)  the  tvat^H  in 
wkiek  the  peripheral  resisfmitc  is  iHcreased  or  diminished.  We  shall 
afterward  be  in  a  better  position  to  discuss  the  variations  of  blood- 
pressure  produced  by  different  combinations  of  cardiac  and  arterial 
alterations. 

(ff.)  The  force  and  frequency  of  the  contractions  of  the  heart 
may  be  considered  to  depend  upon: 

1.  The  properties  and  condition  of  the  heart-muscle  itself; 

2.  The  influence  of  the  eeutnil  nervous  system; 

3.  The  amount  of  the  blood  passing  into  the  heart's  cavities ; 
4»  The  amount  of  pressure  to  be  overcome. 
Each  of  these  factors  must  be  considered  seriiitira, 
1.   The  proper f  if  s  of  the  hear f-mn,sde.— It  has  already  been  pointed 

nut  that  in  structure  the  muscuhtr  fibres  of  the  heart  differ  from  skele- 
tal muscle  on  the  one  hand,  and  from  unstriped  muscle  on  the  other, 
occupying,  as  it  were,  an  intermediate  position  between  the  two  vari- 
eties. The  heart-muscle,  however,  possesses  a  property  which  is  not 
possessed  by  either  skeletal  or  unstriped  muscle,  namely,  the  property 
of  rhythmical  contractility.  The  property  of  rhythmic  contraction 
is  shown  by  the  action  of  the  heart  within  the  body;  its  systole  is  fol- 
lowed by  its  diastole  in  regular  sequence  throughout  the  life  of  the 
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ndiTiduah  The  force  and  frequency  of  the  systole  may  vary  from  time 
time  m  occasion  requires,  but  there  is  no  interruption  to  the  action 

>f  the  normal  heart,  or  any  interference  with  its  rhythmiwil  contrac- 
Itions.  Further,  we  find  tiiat  in  an  animal  rapidly  bled  to  death,  the  heart 
|Continuea  to  beat  for  a  time,  varying  in  duration  with  the  kind  of  ani- 

nal  experimentally  dealt  with,  and  in  the  entire  absence  of  blood  witldn 
Ithe  heart-chambers;  and  still  further,  if  the  heart  of  an  animal  be  re- 
ImoTed  from  the  body,  it  still,  for  a  varying  time,  continues  its  alternate 
'«y«tolic  and  diastolic  movements.  Thus  we  see  that  the  power  of 
rhjthiuic  contraction  depends  neither  upon  connection  with  the  central 


71^,108. 


FIsr-  103  B. 


Fkr.  IfH— TtM  heart  of  a  froe  <RatiA  escylenta)  from  the  front.  V,  Ventricle;  Ad,  light  MiHcie; 
Am,  left  fttiride;  B,  bulbu*  arterioMiii.  dividing  Icto  riRht  and  left  iwnrtjE.    (Ecker.) 

Fig.  198  ».— The  heart  of  n  frop  (lUnft  t^«culentn>  fruni  the  hack.  «.  v.,  Binus  venostiii  opeil«d  ; 
«■,  #,  «„  left  vena  cava  superior;  c.  s.  rf,,  right  vt'na  vjBkva.  finip>erior;  r.  i,,  vena  cava  inferior  ;  r*  o,, 
▼sua  [>ulmoa&le«;  Ad.,  right  niiticle^  .4.4.  Jeft  auricle;  A.p.,  opening  of  communkatiOD  between  m 
rishl  Aitncle  mad  the  sinua  venosua.     X  ^^H-^-    (^^«»t' ) 


nervons  system,  nor  yet  upon  the  stimulation  produced  by  the  presence 
of  blood  within  its  chambers— it  is  automatic.  The  cause  of  this 
rhythmic  power  has  been  the  subject  of  much  discussion  and  experi- 
mental observation.  Up  to  a  comparatively  short  time  ago,  the  remark- 
able property  of  the  heart  to  continue  its  rhythmical  contmctions  after 
removal  from  the  body  was  believed  to  he  connected  in  some  way  or 
other  with  the  presence  of  collections  of  nerve  cells,  or  ganglia  in  sev- 
eral parts  of  its  tissue.  Although  this  idea,  as  we  shall  presently  see,  has 
now  been  almost  universally  given  up,  it  may  be  as  well  to  describe 
shortly  these  ganglia  in  this  place;  they  have  been  studied  more  partic- 
ularly in  the  heart  of  the  frog,  of  the  tortoise,  and  of  other  cold-blooded 
animals. 


222 


HAITBBOOK    OF   PHTSIOLCMJY, 


In  the  frog's  heart  (fig.  193)  these  ganglia  consist  of  three  chief 
groups.  The  first  group  is  situated  in  the  wall  of  the  sinuB  venosua  it 
the  jimction  of  the  sinus  with  the  auricles  (Eevitik's);  the  second  gr  r 
is  phiced  near  the  junction  between  the  auricles  and  ventricle  {Biddtr  . 
and  the  third  in  the  septum  between  the  auricles  (r%  Bezald^s)* 

The  nerve  cells  of  which  these  ganglia  are  composed  are  generall? 
unipolar,  and  seldom  bipolar;  sometimes  two  cells  are  said  to  exist  in 
the  same  envelope,  constituting  the  hvin  cells  of  Dogiel,  The  celli 
are  large,  and  have  very  large  round  nuclei  and  nucleoli  (fig.  195). 
Ganglion  cells  have  not  been  found  in  the  ventricle  of  the  frog*fi 
heiirt  below  the  aurieulo-ventrieular  groove. 

As  regards  the  automatic  movements 
of  the  heart  removed  from  the  body  out 
chief  knowledge  has  been  derived  from 
the  study  of  the  hearts  of  the  frog  and 
tortoise. 


FEk.  1M.— Cour8«  of  the  aerrea  in  the  aurtcular  partitioD  waU  of  the  b««rt  of  a  frog,  d.  Dorsal 
branch:  t%  Teutm]  branch.     (Ecker.) 

Fig.  1^.— tsolftted  nenre-celb  from  the  frog's  heart.  X.  U«ml  form.  IL  Twtn  ctSL  C  C«fmfe; 
K,  nueleua;  N',  uuclefilus;  F,  proeefin.      (Frotn  Et'ker  .» 

If  removed  from  the  body  entire,  the  frog's  heart  will  continue  to 
beat  for  many  hours  and  even  days,  and  the  beat  has  no  apparent  differ- 
ence from  the  beat  of  the  heart  before  removal;  it  will  take  place,  as  we 
have  mentioned,  without  the  presence  of  Mood  or  other  fluid  within  its 
chambers.  Not  only  is  thia  the  case,  but  the  auricles  and  ventricle  may 
be  cut  off  from  the  sinus,  and  both  parts  continue  to  pulsate,  and  fur- 
ther the  auricles  may  be  divided  from  the  ventricle  with  the  same  result. 
If  the  heart  be  divided  lengthwise,  its  parts  will  continue  to  pulsate 
rhythmically,  and  the  auricles  may  be  cut  up  into  pieces,  and  the  pieces 
will  continue  their  movements  of  rhythmical  contraction. 

It  will  be  thus  seen  that  the  rhythmie^il  movements  appear  to  be 
more  marked  in  the  parts  supplied  by  the  ganglia,  as  the  apical  portion 
of  the  ventricle,  in  which  ganglia  have  not  been  found,  does  not,  under 
ordinary  circumstances,  possess  the  power  of  automatic  movement. 

It  haSj  however,  been  shown  by  Gaskell  that  the  extreme  apex  of  the 
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Tentricle  of  the  heart  of  the  tortoise,  which  contains  bo  ganglia,  may 
ander  appropriate  stimuli  he  made  to  contract  rhythmically.  This 
proTee  that  the  muscular  tissue  of  the  heart  itself  is  eapable  of  rhyth- 
mical contraction  independent  of  the  ganglia.  Thus  it  seems  probable 
that  the  rhythmic  contractility  of  the  heart  is  a  power  inherent  in  the 
muscular  tissuej  which  is  quite  independent  as  far  as  its  commencement, 
at  any  rate,  u  concerned  of  nerve  inllnenee. 

The  heart-muscle  exhibits  another  property  which  distinguishes  it 
from  ordinary  skeletal  muscle,  viz.,  the  way  in  which  it  reacts  to  stimuli. 
The  latter  as  will  be  described  at  greater  length  in  its  appropriate  place, 
reacts  slightly  to  a  slight  stimulus  above  the  minimal,  and  with  an  in- 
crease of  the  strength  of  the  stimuli  will  give  increasingly  ample  con- 
tractions until  the  maximum  contraction  is  reached;  in  the  case  of  the 
heart-beats  this  is  not  so,  since  the  mimmttui  stimulus  which  has  any 
effect  U  followed  bij  the  maximum  contraction:  in  other  words  the  weak- 
est effectual  stimulus  brings  out  as  great  a  beat  as  the  strongest.  There 
is  another  great  difference  between  the  contraction  of  the  heart  and  of 
skeletal  muscle,  viz.,  the  ifialnlitt/  of  the  former  to  enter  into  a  stats  of 
tetanus  under  the  influence  of  stimuli  repeated  very  rapidly.  If  the 
heart  be  stimulated  by  a  series  of  rapid  interrupted  induction  shocks, 
there  is  no  summation  of  the  contractions,  as  there  would  be  supposing 
an  ordinary  skeletal  muscle  were  stimulated  in  the  same  way.  This 
phenomenon  is  said  to  be  due  to  the  following  fact,  viz.,  that  in  order  to 
produce  an  extra  contraction  of  the  excised  frog's  heart,  the  stimulus 
must  be  applied  during  diastole  or  period  of  rest  or  relaxation,  and  in 
that  case  the  next  contraction  happens  at  an  earlier  period  than  if  tlie 
stimulus  were  not  applied.  If  applied  during  the  systoks  the  stimulus 
has  scarcely  any  elTect;  the  period  during  which  the  muscle  is  refractory 
to  stimuli  is  much  longer  in  the  case  of  the  heart  than  in  the  case  of 
other  muscles.  In  order  to  produce  a  tetanus  in  skeletal  muscle,  the 
second  stimulus  must  be  sent  into  the  muscle  before  it  has  had  time  to 
recover  from  the  effect  of  the  first  stimulus  and  relax,  and  so  on  with 
the  third,  fourth,  and  other  stimuli.  If,  as  we  may  suppose,  the  same 
conditions  for  the  production  of  tetanus  are  necessary  in  heart-muscle, 
the  reasons  of  the  impossibility  of  producing  tetanus,  i.e.  that  a  stim- 
ulus applie  during  contraction  is  ineffectual,  are  sufficiently  obvious. 
It  appeurs,  however,  that  if  the  stimuli  are  sufficiently  strong  and  rap- 
idly repeated,  the  refractory  period  during  which  the  muscle  is  prac- 
tically insensible  to  stimuli  diminishes,  and  a  very  rapid  repetition  of 
the  beats  occurs,  which  may  even  develop  the  appearance  of  an  incom- 
plete, but  never  of  complete  tetanus. 

In  connection  with  the  rhythmic  contraction  of  muscle,  it  is  neces- 
sary to  allude  briefly  to  what  is  known  as  Stantiius'  experiment. 
This  experiment  consisted  originally  of  applying  a  tight  ligature  to  the 
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heart  between  the  sinus  aiul  the  auritjles,  the  effect  of  which  is  to  stop 
the  beat  of  the  heart  below  the  ligEture,  while  the  sinus  and  the  veiug 
leading  into  it  continue  to  beat.  If  a  Becond  ligntnre  be  applied  at  the 
junction  of  the  auricles  and  ventricle,  the  ventricle  may  begin  to  beat 
slowly,  while  the  auricles  continue  quiescent.  In  both  cases  the  quie§- 
cent  parts  of  the  heart  may  be  made  to  give  single  contractions  in 
response  to  mechanical  stimulation,  A  considerable  amount  of  discussion 
has  arisen  as  to  the  explanation  of  these  phenomena.  It  was  suggested 
that  the  action  of  the  ligature  is  to  stimulate  some  inhibitory  nervoua 
mechanism  in  the  sinus,  whereby  the  auricles  and  ventricle  can  no 
longer  continue  to  contract,  but  this  suggestion  must  certainly  be  given 
up  if  the  present  theory  as  to  the  functions  of  the  nerve  ganglia  be  cor- 
rect. It  may  be  that  the  effect  of  Stannius'  ligatare  is  simply  an  exam- 
ple of  what  has  been  called  by  Gaskell  Mockifif/,  The  explanation  of 
this  term  is  as  follows  :^ — it  appears  that  under  normal  conditions  the 
wave  of  contraction  in  the  heart  starts  at  the  sinus  and  travels  down- 
ward over  the  auricles  to  the  ventricle,  the  irritability  of  t!ie  muscle 
and  the  power  of  rhythmic  contractility  being  greatest  in  the  sinus*  less 
in  the  auricles  and  still  less  in  the  ventricle,  while  under  ordinary  con- 
ditions the  apical  portion  of  the  ventricle  exhibits  very  slight  irritability 
and  still  less  power  of  spontaneous  contraction.  Thus  it  may  be  sup- 
posed that  the  wave  of  contraction  beginning  at  the  sinus  is  more  or  ■ 
less  blocked  by  a  ring  of  muscle  of  lower  irritability  at  its  junction  with 
the  auricles,  and  again  the  wave  in  the  auricles  is  similarly  delayed  in 
its  passage  over  to  the  ventricle  by  a  ring  of  lesser  irritability,  and  thus 
the  wave  of  contraction  starting  at  the  sinus  is  broken  as  it  were  both 
at  the  auricles  and  at  the  ventricle.  By  an  arrangement  of  ligatures,  or 
better,  of  a  system  of  clamps,  one  part  of  the  lieart  may  be  isolated  from  ■ 
the  other  portion,  and  the  contraction  when  stimulated  by  an  induction 
shock  rnay  be  nuido  to  stop  in  tlie  portion  of  the  heart-muscle  in  which 
it  begins*  It  is  not  unlikely  that  the  contraction  of  one  portion  of  the 
heart  acts  as  a  stimulus  to  the  next  portion,  and  that  the  sinus  contrac- 
tion generally  begins  first,  since  the  sinus  is  the  most  irritable  to  stimuli^ 
and  possesses  the  power  of  rhythmic  contractility  to  the  most  highly 
developed  degree.  It  must  not  be  thought,  however,  that  the  wave  of 
contraction  is  incapable  of  passing  over  the  heart  in  any  other  direction 
than  from  the  sinus  downward;  it  has  been  shown  that  by  applic^ition 
of  appropriate  stimuli  at  appropriate  instants,  the  natural  sequence  of 
beats  may  be  reversed,  and  the  contraction  starting  at  the  arterial  part 
of  the  ventricle  may  pass  upward  to  the  auricles  and  then  to  the  sinus 
in  order. 

An  exceedingly  interesting  fact  with  regard  to  the  passage  of  the 
wave  in  any  direction  has  been  made  out  by  partial  division  of  the  mus- 
cular fibres  at  any  pointy  whereby  one  part  of  the  wall  of  the  heart  is 
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left  connected  with  the  other  parts  by  a  small  portion  of  iiBciivided 
muscular  tiBSue^  and  the  wave  of  contraction  then  being  only  able  to 
p«SB  to  the  next  portion  of  the  wall  every  second  or  third  beat  Thus 
division  of  the  muscle  hag  much  the  same  effect  us  partial  clumping  it 
in  the  same  position^  or  of  a  ligature  similarly  applied,  but  not  tied 
tightlf.  It  may,  therefore,  be  suggested  that  Staiiniue'  ligature  acts  as 
a  partial  or  complete  block,  and  prevents  the  stimulus  of  the  ainus-beat 
from  passing  further  down  the  heart,  but  that  the  parts  below  the  liga- 
ture may  be  made  to  contract  by  stimuli  applied  to  them  directly. 
Nearly  all  the  information  to  be  obtained  as  to  the  phenomena  of  the 
contraction  of  heart-muscle  apart  from  the  rhythmic  action  of  the 
organ  itself^  may  be  ohtiiined  from  a  heart  to  which  a  Stannius'  ligature 
has  been  applied;  indeed,  the  eilect  of  mininml  stimuli,  the  effect  of 
rapidly  repeated  shocks,  and  the  refractory  period  of  heart-muscle  may 
all  be  studied  from  a  heart  in  this  condition* 

The  velocity  of  the  wave  of  contraction  in  frog's  heart-muscle  has 
been  shown  to  be  |  to  J  inch,  or  10-15  cm.  a  second. 

In  pointing  out  the  differences  between  the  phenomena  of  contrac- 
tion in  skeletal  and  heart-muscle,  the  similarities  between  the  two  are 
not  to  be  overlooked;  thus  it  has  been  shown  that  the  effect  of  cold, 
heat,  fatigue,  and  other  influences  have  very  much  the  same  effect  in 
both  cases. 

2.   The  influence  of  (he  central  nervons  sp  ft  fern. 

The  heart  ia  capable  of  automatic  rhythmic  movement,  as  hfls  been 
clearly  shown  by  its  behavior  when  removed  from  the  body,  and  it  has 
been  shown  further  that  there  is  reason  for  believing  that  the  power 
resides  in  the  inherent  property  of  its  muscle  fibres  themselves.  While 
in  the  body*  however,  the  heart's  beats  are  under  control  of  the  central 
nervous  system.  To  this  nervoua  control,  we  must  next  direct  our  at- 
tention. The  influence  which  is  exerted  by  the  central  nervous  system 
appears  to  be  of  two  kinds,  firstly,  in  Mt?  direction  of  alQwing  or  inhibit- 
ing the  bmfs,  and  secondly,  in  the  direttiou  of  accelerating  or  auijmrnt' 
ing  the  beah.  The  influence  of  the  first  kind  is  brought  to  bear  upon 
the  heart  through  the  fibres  of  the  vagi  nerves,  and  that  of  the  second 
kind  through  the  sympathetic  fibres. 

Influence  of  the  Vagi*- — It  has  long  been  known,  indeed  ever  since 
the  experiments  of  the  Bros.  Weber  in  1845,  that  stimulation  of  one  or 
both  vagi  produces  slowing  of  the  beats  of  the  heart.  It  has  since  been 
shown  in  all  of  the  vertebrate  animals  experimented  with,  that  this  is 
the  normal  action  of  vagus  stimulation.  Moreover,  section  of  one  nerve, 
or  at  any  rate  of  both  vagi,  produces  acceleration  of  the  pulse,  and  stim- 
ulation of  the  distal  or  peripheral  end  of  the  divided  nerve  produces 
normally  slowing  or  stopping  of  the  heart's  heats. 

It  appears  that  any  kind  of  stimulus  produces  the  same  effect,  either 
^5 
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chemicalj  mechanical,  electrical,  or  thermal,  hut  that  of  these  the  most 
potent  is  a  mpidly  interrupted  induction  current.  A  certain  amount  of 
confusion  has  arisen  as  to  the  QMed  of  vagus  stimulation  in  conee- 
qufence  of  the  fact  that  within  the  trunk  of  the  nerve  is  contained,  in 
some  animals,  fibres  of  the  sympathetic,  and  it  depends  to  some  extent 
upon  the  exact  position  of  the  application  of  the  stimulus,  as  to  tbs 
exact  effect  produced.  Speaking  generally,  however,  excitation  of  anj 
part  of  the  trunk  of  the  vagus  produces  inhibition,  the  stimulus  being 
particularly  potent  if  applied  to  the  termination  of  the  vagi  in  the 
heart  itself,  where  they  enter  the  substance  of  the  organ  at  the  situation 
of  the  sinus  ganglia.  The  stimulus  may  he  applied  to  either  vagus  with' 
effect,  although  it  is  frequently  more  potent  if  applied  to  the  nerve  on 
the  right  siGe,  The  effect  of  the  stimulus  is  not  immediately  seen;  one 
or  more  beats  may  occur  before  stoppage  of  the  heart  takes  place,  and 
slight  stimulation  may  produce  only  slowing  and  not  complete  stoppage 


I^Hill 


Y\g,  196,— Tracing:  staowlDg  the  actions  of  th<*  to^us  on  the  heart.  Antr.^  Aoricular;  venL^  rtm- 
Lrlcular  tracioj?,  The  [-Kart  luetvvefii  ]>t'rtjendiculiir  liiiea  indJentes  perJixl  of  va^^tui  HliniulaCioti,  C.S 
iDdicatet  thaC  the  s^^couilan'  ooi!  wa^  n  cm,  from  the  primaiy,  Tbe  part  of  tracing  to  the  kit 
ahowfl  the  iveulmr  coutraotiouH  uf  hh Hierate  h«'igfat  before  Btiniulat (can.  0urJn^  Ktjmulatiott^  aiid  for 
mome  time  aft#r,  thi*  l»oat»  of  miricle  and  ventricle  atv  ftrrested.  After  they  coeninenoe  agkln  Ihqr 
are  sliiKlo  at  first,  but  iM>ori  acq ulrai  a  much  greater  amplitude  than  before  the  appUc&tloii  of  toe 
Btlmulua.    (From  Bniuton, after  GttskeU J 


of  the  heart.  The  stoppage  may  be  due  either  to  prolongation  of  the 
diastole,  as  is  usually  the  case,  or  to  diminution  of  the  systole.  Vagus 
stimulation  inhibits  the  spontaneous  beats  of  the  heart  only,  it  does  not 
do  away  with  the  irritability  of  tlie  heart-muscle,  since  mechanical  stim- 
ulation may  bring  out  a  beat  during  the  still-stand  caused  by  vagus 
stimulation.  The  inhibition  of  the  heats  varies  in  duration,  but  if  the 
stimulation  be  a  prolonged  one,  the  beats  may  reappear  before  the  cur* 
rent  is  shut  off.  When  the  beats  reappear,  the  first  few  are  UBually 
feeble,  and  may  be  auricular  only;  after  a  time  the  contractions  become 
more  and  more  strong,  and  very  soon  exceed  both  in  amplitude  and 
frequency  those  which  occurred  before  the  application  of  the  stimulus 
(fig.  106), 

Influence  of  the  Sympathetic*— The  influence  of  the  sympathetic 
may  bo  considered,  to  a  certain  extent,  as  the  reverse  of  that  of  the 
vagus.     Stimulation  of  the  symptithetic,  even  of  one  aide,  produces  ac- 
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elemtioQ  of  the  heart-beats,  and  according  to  certain  observers,  section 
[of  the  same  nerve  producea  slowing.     The  acceleration  produced  by  stira- 
IttUtion  of  the  aympathctic  fibres  is  accompanied  by  increased  force,  and 
lio  the  action  of  the  nerve  is  more  properly  termed  atujmentor.     The 
Imction  of  the  sympathetic  differs  from  that  of  the  vagus  in  several  par- 
ticulars besides  the  augmentation  which  is  produced :  firstly,  the  stimulus 
required  to  produce  any  effect  must  be  more  powerful  than  is  tlie  caise 
with  the  vagus  stimulation;   secondly,  a  longer  time  lapses  before  the 
effect  is  manifest;  and  thirdly,  the  augmentation  is  followed  by  exhaus- 
tion, the  beats  being  after  a  time  feeble  and  less  frequent 
I        Origin  of  the  cardiac  nerve-fi!>res.— The  fibres  of  the  sympa- 
thetic system,  which  influence  tlie   lieart-beat  in   the  frog,  leave  the 
spinal  cord  by  the  anterior  root  of  the  third  spinal  nerve,  and  pass 
[  thence  by  the  ramus  communicans  to  the  third  spinal  ganglion,  thence 
to  the  second  spinal  ganglion,  and  thence  by  the  annulus  of  Vieussens 


Fis«  Itr^-'Traciiifr  ibowltiK  tlimiDlahed  ftmpUtude  and  slowiiirof  the  pulBAtfons  of  the  auricle 
and  veotricte  vritbouL  coiii|)Tet6  Btoppajg:e  duiinj;  irritaUoQ  of  the  tii^kus.  (From  iJniQton,  after 
GaskelL> 


(round  the  subclavian  artery)  to  the  first  spinal  ganglion,  and  thence  in 
the  main  trunk  of  the  sympathetic,  to  near  the  exit  of  the  vagua  from 
the  cmnium,  where  it  joins  that  nerve  and  runs  down  to  the  heart  within 
its  sheath,  forming  the  joint  vago-sympathetic  trunk. 

In  the  dog,  the  augmentor  fibres  leave  the  cord  by  the  second  and 
third  dorsal  nerves,  and  possibly  Ixy  anterior  roots  of  two  or  more  lower 
nerves,  passing  by  the  rami  communicantes  to  the  ganglion  stellatum, 
or  first  thoracic  ganglion,  thence  by  the  annulus  of  Vieussens  to  the 
inferior  cervical  ganglion  of  the  sympathetic  fibres  from  the  annulus,  or 

K  from  the  inferior  cervical  ganglion  proceed  to  the  heart. 

■■  From  the  fact  that  the  augmentor  fibres  are  joined  to  the  vagus 
trunk,  it  may  be  understood  that  the  effect  of  the  stimulation  of  the 
vagus  in  the  frog  is  not  in  all  cases  purely  inhibitory,  but  may  be  aug- 
mentor, according  to  the  position  where  the  stimulus  is  applied,  the 
intensity  of  the  stimulus,  and  the  condition  of  the  heart;  if  it  is  beating 

K  Btrongly  a  slight  vagus  stimulation  will  produce  immediate  inhibition. 

H       The  fibres  of  the  vagus  which  paaa  to  the  heart  arise  in  the  medulla 
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oblongata,  in  the  floor  of  the  fourth  ventriclo,  and  in  a  nucleus  of  gn^ 
matter,  the  exact  position  of  which  will  be  indicated  in  a  future  chapter. 
It  has  been  found  that  stimulation  of  this  nucleus,  which  is  called  the 
cardio-itihibitory  centre,  produces  inhibition  of  the  heart-beat. 

Thus  there  ia  no  doubt  tluit  the  vagi  nerves  are  eimplj  the  media  of 
an  inhibitoiy  or  restraining  influence  over  the  action  of  the  heart,  which 
is  conveyed  through  them  from  the  centre  in  the  medulla  oblongata 
which  is  always  in  operation.  The  restraining  influence  of  the  centre 
in  the  me^lulhi  may  be  reflexly  increased  by  stimulation  of  almost  any 
afferent  nerve,  particularly  of  the  abdominal  sympathetic,  60  as  to  pro- 
duce slowing  or  stoppage  of  the  heart,  through  impulses  from  it  pa^SLDg 
down  the  vagi.  As  an  example  of  this  reflex  stimulation,  the  well' 
known  effect  on  the  heart  of  a  violent  blow  on  the  epigiietrium  may  be 
referred  to.  The  stoppage  of  the  heart's  action  in  this  case  is  due  to 
the  conveyance  of  the  stimulus  by  flbres  of  the  sympathetic  (afferent) 
to  tlie  medulla  oblon^ta,  and  its  subsequent  refleciiou  through  the  vagi 
(efferent)  to  the  muscular  substance  of  the  heiirt.  It  is  possible  that  the 
power  of  the  medullar}'  inliibitory  centre  may  in  a  similar  manner  be 
reflexly  hssemd  bo  as  to  produce  accelerated  action  of  the  heart. 

In  the  mammal  the  fibres  in  the  vagus,  by  means  of  which  inhibitory 
influences  are  conveyed  to  the  heart,  are  derived  from  the  spinal  acces- 
sory nerve,  since  when  that  nerve  is  divided  certain  fibres  of  the  vagus 
trunk  degenerate,  and  afterwards  stimulation  of  the  vagns  trunk  ne 
longer  produces  inhibition.  Tlie  spinal  accessory  fibres  are  fine  medul- 
lated  fibres,  2/x  to  3/i  in  diu meter,  and  may  be  traced  to  the  heart,  and 
lose  their  medulla  in  the  ganglia  of  that  organ.  The  fibres  of  the  vagus 
traceable  into  the  heart  muscle,  have  been  found  to  be  both  niedollated 
and  non-medullated  when  they  enter;  they  pass  out  of  Remak's ganglion 
more  generEdly  as  medulhited  nerves,  forming  the  nerve-fibres  of  the 
septum,  but  after  these  septal  fibres  issue  from  Bidder's  ganglia,  they 
enter  the  ventricle  as  non-medullated  nerves,  in  the  frog  at  any  rate, 
but  in  mammals  a  few  fibres  are  meduilated.  The  sympathetic  fibres, 
on  the  other  hand,  reach  the  heart  as  non-medulbited  fibres,  having  lost 
their  medulla  in  the  sympathetic  gajiglia. 

The  course  of  the  augmentor  fibres  in  the  spinal  cord  is  not  known, 
but  it  is  thought  that  in  all  probability  they  are  connected  with  an  aug- 
mentor centre  in  the  medulla.  The  circulation  of  Tenons  blood  appears 
to  stimulate  the  inhibitory  centre,  and  of  liighly  oxygenated  the  aug- 
mentor centre. 

In  addition  to  direct  and  reflex  stimulation  it  is  almost  certRin  that 
impulses  passing  down  from  the  cerebrum  may  have  a  similar  effect. 

Other  Influences  Affeciingthe  Nearf-Beat, — Alteration  of  tempera- 
ture.— The  effect  of  cold  is  to  slow  the  heart-beats,  and  if  the  heart  be 
cooled  down  to  3°  C,  (38"'  R)  it  will  stop  beating.     The  heart  may  be 
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frozon^  and  when  thawed  will  continue  its  spontaneous  beats.  The 
effect  of  heat  is  to  quicken  and  sliorten  the  heart-beiitfi,  but  at  a  moder- 
ate temperature,  20°  C.  (rJS'F.),  the  contmetious  are  increased  in  force. 
At  or  below  40*^  C.  (104*"  F.)  the  contractions  are  so  rapid  as  to  pass  into 
heart-rigor;  this  may  be  stopped  by  cooling* 

Poisons  and  other  chemical  substances*— A  large  number  of 
chemical  substanoos  have  a  distinct  eflect  upon  the  cardiac  contractions. 
Of  these  the  most  important  are  utropin  and  muscarin, 

xi tropin  produces  considemWe  augmentation  of  the  heart- beats,  and 
when  acting  upon  the  heart  prevents  the  results  of  vagus  stimulation, 

Muscarin  (obtained  from  various  species  of  poisonous  fungi)  pro- 
duces marked  alowhii^  of  the  heart-beats*  and*  in  larger  doses,  stoppage 
of  the  heart.  It  produces  a  similar  effect  to  that  of  prolonged  vagus 
fitiumlation,  and  as  in  that  case  the  effect  can  bo  removed  by  the  action 
of  a  tropin. 

DigUalin  (the  active  principle  of  digitalis  purpurea),  slows  the  heart 
and  appears  to  act  by  stimulating  the  vagi,  l^ater  on  the  muscle  is  also 
more  excitable.  Veratrin  and  aeonifin  have  a  similar  effect.  Xkoline 
prefentfi  the  effect  of  vagus  stimulation. 
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Methods  of  I nvesti grating  the  Heart-beAt. 

(1)  The  simplest  form  of  an  apimmtim  trj*  l>e  used  for  record  tug  the  eon  trac- 
tions of  the  frog's  heart  consists  of  a  small  rl«>seii  cylindrieaJ  box  fixeil  to  a 
stand.  At  the  Ixjttom  of  the  Ikjx  are  two  tubers  by  nu'auH  of  which  water  at 
various  temperatures  may  be  made  to  circulate  through  it.  one  tube  being  the 
inlet  and  the  other  the  outlet,  and  they  are  connei'tecl  with  india-rubljer,  suit- 
able for  the  purpose  of  couduetinj^  water  to  and  from  the  apf)anitw.H.  The  lever 
is  made  of  a  piece  of  glass  nnl  which  is  softened  and  drawn  out  in  the  tlame 
of  tlie  blow  pipe  a  very  fine  thread,  leaving  a  small  piece  unaltered  to  act  aa 
a  counterpoise.  Tlie  kn^er  is  then  passi.^1  through  a  pie<re  of  cork  and  through 
this  cork  a  J^ne  needle  is  inserteil  at  right  angles  to  the  lever.  The  needle  Is 
made  to  rest  on  a  fiupport  attached  alxive  one  side  of  the  box  in  such  a  way 
Hmt  the  lever  ha«  free  movement  up  and  down.  Another  small  piece  of  cork 
is  passed  along  the  lever  arm  and  is  adjusted  and  cut  so  that  it»  i»oiDt  directed 
downward  can  i*t»st  uiK>n  the  frog's  heart,  which  is^  removeti  from  the  Ixwly  and 
placed  upon  the  top  of  the  1m>x  in  seruni  or  detiljrinat«Hl  blcicMJ.  In  this  w^ay 
the  contractions  of  the  auricles  and  ventricle  are  communicated  to  the  lever, 
and  this  may  he  made  to  write  up<m  a  recording  cylinder. 

(2)  The  variations  of  endr>cardial  uressiire,  which  corre8|Mmd,  of  course, 
with  the  various  phases  of  the  cardiac  cycle,  may  be  recoiled  by  a  nitxlilica- 
tion  of  the  ordinary  mercurial  manometer.  The  apparatUH  is  best  used  with  a 
large  frog  (Rana  est^ilcjita) ,  and  the  heart  is  expose<l  in  the  usual  manner,  the 
pericardium  ojiened.  A  cut  is  nmde  intr>  the  bulb,  and  by  this  means  a  double 
or  J ^:'tfuHk>n  aittuhf  (fig.  198)  is  passecl  into  the  ventricle*  a  ligature  is;  [>asj!fed 
round  the  heart,  and  the  cnnula  in  tied  in  tightly.  The  vessels  are  then  di- 
vided Ixn'ond  the  iigatnre,  and  the  canula.  with  the  heart  attJicherb  is  remove<i. 
To  one  stem  of  the  canula  a  tube  is  attached,  communicating  with  a  reaervoir 
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of  a  solution  of  dried  blood  in  .  6  saline  solution,  and  filtered,  which  is  capa- 
ble of  being  raised  or  lowered  in  temperature  by  being  surrounded  by  a  metil 
box  which  contains  hot,  cold,  or  iced  water.  Attached  to  the  other  end  ii » 
similar  tube,  which  communicates  by  a  T  piece  with  a  small  mercurial  man- 
ometer, provided  with  a  writing  style,  and  also  with  a  vessel  into  which  the 
serum  is  received.  The  apparatus  being  arranged  so  that  the  inovementB  of 
the  mercury  can  be  recorded  by  the  float  and  the  writing  style  on  a  slowly 
revolving  drum,  and  after  some  serum  has  been  allowed  to  pass  freely  through 
the  ventricle,  both  tubes  are  clipped,  the  second  one  beyond  the  T  piece,  and 
the  alterations  in  the  pressure  are  recorded.  The  effects  of  fluids  at  various 
temx)erature8  and  of  poisons  may  be  recorded  in  the  manner  indicated  above. 

(8)  By  Roy's  Tonometer  (fig.  199)  the  alterations  in  volume  which  a  frog*8 
heart  undergoes  during  contrac- 
tion are  recorded  by  the  follow- 
ing means:  A  small  bell- jar, 
open  above,  but  provided  with  a 
firmly  fitting  cork,  in  which  is 
fixed  a  double  canula,  is  ad- 
justable by  a  smoothly  ground 
base  upon  a  circular  bra&s  plate. 


Fig.  108. 


Fig.  199. 


Fig.  19e.~Kronecker'8  Perfusion  Caniila.  for  supplying  Fluids  to  the  interior  of  the  Frog's 
Heart.  It  consists  of  a  double  tube,  one  outsjde  the  other:  the  end  view  is  shown  in  the  engraving. 
The  inner  tube  branches  out  to  the  left:  thus,  when  the  ventricle  is  tied  to  the  outer  tube  of  the  can- 
ula, a  ciurent  of  liquid  can  be  made  to  pass  into  the  heart  by  one  tube  and  out  through  the  other. 

Fig.  199.— Roy's  Tonometer. 


about  2  to  3  inches  in  diameter.  The  junction  is  made  complete  by  greas- 
ing the  base  with  lard.  In  the  plate,  which  is  fixed  to  a  stand  adjustable  on 
an  upright,  are  two  holes,  one  in  the  centre,  a  large  one  about  one- third 
of  an  inch  in  diameter,  to  which  is  fixed  below  a  brass  grooved  collar, 
about  half  an  inch  deep ;  the  other  hole  is  the  oi>ening  into  a  pipe  provided 
with  a  tap  (stopcock) .  The  opening  provided  with  the  collar  is  closed  at  the 
lower  part  with  a  membi-ane  of  animal  tissue,  which  is  loosely  tied  by  means 
of  a  ligature  around  the  groove  at  the  lower  edge  of  the  collar.  To  this  mem- 
brane a  piece  of  cork  is  fastened  by  sealing-  wax,  from  which  passes  a  wire, 
which  can  be  attached  to  a  lever,  fixed  on  a  stage  below  the  apparatus. 

When  using  the  apparatus,  the  bell-jar  is  fixed  by  means  of  lard,  and  the 
jar  is  filled  with  olive  oil.  In  the  way  above  described,  the  heart  of  a  large 
frog  is  prepared  and  the  canula  fixeil  in  the  cork  is  firmly  tied  into  the  heart ; 
the  tubes  of  the  canula  communicating  with  the  reservoir  of  serum  on  the 
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mUb  hand,  and  with  a  vessel  to  eontaiD  the  serum  after  it  has  run  throygh  on 
the  other.  The  cantila  with  heart  attached  is  [Missed  into  the  oil,  and  the 
fx>rk  firmly  secured.  By  these  ineaon  the  lever  will  be  found  to  be  adjusted  t*> 
a  convenient  elevation.  The  lever  is  allowed  to  write  on  a  raoving  drum,  and 
s^ram  is  passed  through  at  variouf*  teiiiperatiire**.  After  a  short  time  the  heart 
may  stop  beating;  but  tviTi  wires  are  arranged,  the  one  in  tlie  canuhi,  the 
olher  projecting  from  the  plate  in  such  a  way  thrtt  the  heart  can  he  moved 
against  them  by  shifting  the  position  of  the  Im«1]  jar  a  little.  The  wires  act  as 
alootrodes,  and  can  be  made  to  communicate  with  an  induction  apfjaratus,  »o 
that  single  induction  shoirkei  can  be  nent  into  the  heart  Ui  prcMluce  contractions, 
and  if  need  be,  by  means  of  the  trigger  key,  at  one  definite  point  in  the  revo- 
lution of  the  recording  cylinder. 

Electrical  Phenomena  of  the  Heart*beat.— The  phenomena  of 
the  natural  beat  of  the  heart  are  generally  considered  to  indicate  that 
the  systolic  contraction  is  a  single  and  not  a  tetanic  one.  The  electrical 
changes  support  this  view.  During  the  contraction  a  distinct  electrical 
change  occnra  which  is  simihir  to  that  which  happens  in  skeletal  muscle 
with  each  contraction.  It  bus  been  demonstrated  that  a  stanniused 
frog  heart  undergoes  two  changes  or  phases  as  regards  its  electrical  con- 
ditioDj  the  first  immediately  before  the  contraction,  in  which  the  excited 
part  becomes  negative  to  the  other  parts,  contr^iction  following  tlie 
wave  of  excitation,  and  the  second  during  relaxation,  in  which  the  cur- 
rent flows  in  an  opposite  way. 

The  Metabolism  of  the  Heart.^Whatever  view  may  be  taken  of 
the  nature  of  the  rhythmic  cardiac  contractions,  it  will  be  generally 
acknowledged  that  the  contractions  cannot  long  be  maintained  without 
a  due  supply  of  blood  or  of  a  similar  nutritive  fluid.  Some  very  re- 
markable facta  have  been  made  oet  about  this,  in  the  case  of  the  frog's 
heart.  For  instance,  it  has  been  shown  that  normal  saline  solution  ie 
insufficient  to  maintain  the  contractions,  and  that  in  exporiment8  in 
which  it  is  necessary  to  inairitaiM  the  beats  for  any  length  of  time  failing 
serum  or  saline  solution  of  dried  blood,  the  solution  should  contain 
gome  serum-albumin,  and  that  there  should  also  be  present  some  potas- 
sium chloride,  and  Dr.  Ringer  has  composed  a  nutritive  fluid  wliich 
contains  chlorides  of  sodium,  potassium,  and  calcium  in  small  amounts, 
which  is  able  to  maintain  the  normal  beats  of  the  heart.  It  is  therefore 
Tery  reasonable  to  suppose  that  the  amount  and  quality  of  the  blood 
supplied  to  the  human  heart  has  the  greatest  influence  in  maintaining 
the  force  and  frerjuency  of  the  rhythmic  activity.  The  view  that  is 
taken  at  present  of  the  action  of  the  heart  is  one  propounded  by  fiaskell, 
viz.,  that  in  heart  muscle  as  in  protoplasm  generally,  the  metabolic  pro- 
cesses are  those  of  anaboliara  or  building  up,  which  takes  place  during 
the  diastole  of  the  heart,  that  vagus  stimulation  helps  on  this  process, 
and  of  catabolism  or  discharge,  which  is  manifested  in  the  contraction 
of  the  heart,  and  which  is  accelemted  by  stimulation  of  the  sympathetic 
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'fibres.  That  Yagns  stimulation  h  therefore  ultimately  beneficial  to  the 
contractiona.  The  electrical  cairrents  set  up  on  the  stimubition  of  the 
vagus  and  of  the  syni pathetic  are  in  opposite  directions,  and  so  if  Gas- 
kelFs  contention  is  €orrect  that  the  negative  variation  of  the  muscle 
current  occurring  on  sympathetic  stinuihttion  is  a  sign  of  catabolism,  thtj 
result  of  vagus  stimulation,  viz.,  a  positive  variation  of  the  muHcle  cur- 
rent, may  be  eupposed  to  indicate  the  complementary  condition  of  ajia- 
bolism. 

3,  The  Amount  of  Blood  Pa'^sing  info  ihe  Ilearf'if  Caviiies, — It  is  foand 
that  in  the  body  at  any  rate  the  amount  of  blood  which  passes  into  i\\t 
cavities  of  the  Iieart  distinctly  affects  the  strength  of  its  beat.  Thug  if 
from  any  cause  the  blood  ia  diminiaiied  the  contractions  become  mnch 
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Fig.  3CW.— Plethyiirnopraph.  By  means  of  this  (ipparatus.  the  alteration  in  volume  of  th<*  vm, 
K,  which  is  iDclosea  in  &  glaMS  tuljt^.  a,  flUed  with  Huid,  tht^  t^pening  ttimuf^h  which  it  ftassea  being 
firmly  c}<)6ed  by  a  tWck  Kutt«  |i«?rcha  bnuU,  F,  is  cninmiinipatM  to  the  lever,  n.  and  re^stered  by  • 
r»oordlUK  apfiaratua.  The  fluid  in  a  eommuDicntes  with  tiiat  Id  b,  the  mvjjer  timit  of  wbica  ]m 
aboTe  thftt  in  a.  The  chief  ^li^rntionFi  in  vohirn**  are  due  to  nlTeration  in  the  nlixxl  eonlaJued  In  the 
mrm.  When  ihe  volumt*  to  inereaaed,  fluid  pawi^  out  of  the  glas»  eyliuder,  and  the  lever,  d»  ftlpoll 
rttised«  aod  when  A  decrease  takes  place  the  fluid  retuma  a^ajn  fmiu  b  toji.  It  will  thesrefonftbe 
ertdent  that  the  apparatus  is  c&pame  «if  recording  alterations  of  btiiwxl-preaaure  in  the  arm.  Ap|M> 
mtufl  founded  u|>t>n  the  same  principle  have  been  used  for  rt»cording  alteratk»tis  iu  the  votumeaf 
tfae  ■pleon  and  kidney. 


I 


more  feeble,  although  they  may  possibly  be  increased  in  rapidity.     Sinii« 
larly  with 

4,  Ihe  Jmonni  of  PresHnre  to  be  Overcome, — If  the  aortic  ]ire88ure  is 
too  low  the  muscle  contnictiona  of  the  heart  is  not  so  powerful  or  effec- 
tive as  if  the  pressure  is  normal,  whereas  too  great  arterial  pressure  may  ■ 
be  sufficient  to  delay  if  not  to  stop  altogether  the  heart's  beats,  dilata- 
tion  of  its  cavities  taking  place  and  a  condition  of  aHystoliani  (Beau) 
resulting. 

Another  condition  Bometimes  forgotten  should  be  added  as  influenc- 
ing the  potency  of  the  cardiac  contraction,  viz.,  tlie  heart  must  have 
sufficient  room  to  contract,  it  must  not  be  unduly  pressed  upon. 

(b.)  The  Peripheral  Resistance.^The  regulation  of  the  amount 
of  resiBtance  to  the  passage  of  blood  at  the  periphery  is  principally  done 
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by  the  alteration  of  the  calibre  of  the  arterioles.     This  regulutiiig  power 
[  is  chiefly  iiiTested  in  the  nervous  system.     Its  influence  is  exerted  upon 
I  the  muscular  coat  of  the  arteries  and  not  upon  the  eluBtic  eh^ment,  which 
I  pofisesfles,  as  must  be  obvious,  rather  physical    than  vital  properties. 
I  The  muscular  tissue  in  the  walls  of  the  vessels  increases  in  amount  rel- 
atively to  the  other  coats  ae  the  arteries  grow  smaller,  so  that  in  the 
arterioles  it  is  developed  out  of  all  proportion  to  the  other  elements; 
in  fact,  in  passing  from  capillary  vessels,  made  up  as  we  have  seen  of 
endothelial  cells  with  a  ground  substance,  ihe  first  change  which  occurs 
ae  the  vessels  become  larger  (on  the  side  of  the  arteries)  is  the  appear- 
ance of  muscular  fibres.     Thus  the  nervons  system  is  more  powerful  in 
regulating  tlie  calibre  of  the  smaller  than  of  the  larger  arteries. 

It  was  long  ago  sJiown  by  Claude  Bernard  that  if  the  cervical  sym- 
pathetic nerve  is  divided  in  a  rabbit*  the  blood-vessels  of  the  correspond- 
ing side  of  the  head  and  neck  become  dilated.  This  effect  is  best  seen 
in  the  ear,  which  if  held  up  to  the  light  is  seen  to  become  redder,  and 
the  arteries  are  seen  to  become  larger.  The  whole  ear  is  distinctly 
warmer  than  the  opposite  one.  This  effect  is  produced  by  removing 
the  arteries  from  the  influence  of  the  central  nervous  system,  which  in- 
fuence  normally  passes  down  the  divided  nerve;  for  if  the  peripheral 
end  of  the  divided  nerve  {i,t\^  that  farthest  from  the  brain)  be  stimulated* 
the  arteries  which  were  before  dilated  return  to  their  natural  size,  and 
the  parts  regain  their  primitive  condition.  And,  besides  this,  if  the 
etimulue  is  very  strong  or  very  long  continued,  the  point  of  normal  con- 
striction is  passed,  and  the  vessels  become  much  more  contracted  than  nor- 
mal. The  natural  condition,  wliicli  is  about  mid  way  between  extreme  con- 
traction and  extreme  dilatation,  is  eulleil  the  natural  tone  of  an  artery; 
if  this  is  not  maintained,  the  vessel  is  said  to  have  lost  tone,  or  if  it  is 
exaggerated,  the  tone  is  said  to  be  too  great.  The  effects  described  aa 
having  been  produced  by  section  of  the  cervical  sympathetic  and  by 
«ubse<^|uent  stimulation  are  not  peculiar  to  that  nerve,  as  it  has  been 
found  that  for  every  part  of  the  body  there  exists  a  nerve  the  division 
of  which  produces  the  same  eifects,  viz,,  dilatation  of  the  vessels;  such 
may  be  cited  as  the  case  with  the  sciatic,  the  6]»lanchnic  nerves^  and  the 
nerves  of  the  brachial  plexus:  wlwn  these  are  divided,  dilatation  of  the 
blood-vessels  in  the  parts  supplied  by  them  takes  place.  It  appears, 
therefore,  that  nerves  exist  whieli  have  a  distinct  control  over  the  vas- 
cular supply  of  every  part  of  the  body.  These  nerves  are  called  t*/!,-?©- 
motor;  they  run  now  in  cerebro-spinal,  now  in  the  sympathetic  nerve- 
trunks. 

Vaso-motor  centres.— Experiments  by  Led  wig  and  others  show 
that  the  vaso-motor  fibres  ctmie  prioiarily  from  a  nucleus  of  gray  matter, 
vaso-motor  centre,  in  the  bulb  or  medulla  oblongata,  being  situated 
in  the  tioor  of  the  fourth  ventricle,  between  the  ctthimus  svriptoriuH  and 
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the  corpora  quadrigemina.    Thence  the  vaso-motor  fibres  pass  down  in 
the  epinal  cord^  and  issuing  with  the  [interior  roots  of  the  spinal  nerres,  ■ 
traverse  the  various  gaughii  ou  the  i^rae-vertebml  cord  of  the  eymputhetic, 
and,  acconipuuied  by  branches  from  those  ganglia,  pass  to  their  des- 
tination, ■ 

Secondary  or  subordinate  vaso-motor  centres  exist  in  the  spinal  cord, 
and  the  influence  exerted  by  the  chief  vaso-motor  centre  is  not  only  in 
consitant  modenite  action ^  but  may  be  altered  in  several  ways,  but  chiefly 
by  afferent  (sensory)  stimuli.  These  stimuli  may  act  in  two  ways,  either 
increasing  or  diminishing  the  usual  action  of  the  centre,  which  maintains 
a  medium  tone  of  the  arteries.  This  afferent  influence  upon  the  centre 
(augmenting  or  inhibiting)  is  woll  shown  by  the  action  of  a  nerve  called 


flf.  IW*— Tracinar  Bhowin^  the  effect  on  blciod-pres»ur»  of  »timuLa4:lnpr  the  eenlml  end  of  the 
Deprpflaoroenretii  ther&UbU.  To  be  read  from  rijfht  to  k*ft.  T.  inilk'«t*-s  tliTat^  jit  which  lb« 
recorOmg:  Buifftoe  ww  travelling,  the  luN^rralK  eori-^njil  to  set!on«l«;  i\  th«»  momt'tjr  of  *^ntnitic«?  of 
currenH  O.  moment  at  which  ii  waa  shut  off.  The  efTwt  In  Home  tini*?  In  dtnelopinjij  and  lasU  after 
the  conrent  hu  been  taken  off.  The  larger  nndulailone  are  the  reepiratorj'  Derves;  the  p«l»e  oociUar 
tiooft  are  very  moaU.    t  Foster,  j 

the  depressor,  the  existence  of  which  was  demonstrated  by  Cyon  and 
Ludwig, 

It  id  a  small  afferent  ner^e  and  passes  up  from  the  heart  in  which  it 
takes  its  origin,  and  in  the  rabbit  goes  upward  in  the  sheath  of  the  su- 
perior laryngeal  branch  of  the  vagus  or  with  that  branch  and  the  vagus 
itself^  communicating  by  filaments  with  the  inferior  cervical  ganglion 
as  it  proceeds  from  the  heart. 

If  during  a  blood-pressure  observation  in  a  rjibbit  this  nerve  be  di> 
vided,  and  the  central  end  (/.p.,  that  nearest  the  brain)  be  stimulated,  a 
remarkable  fail  of  blood-pressure  takes  phice  (fig.  201). 

The  cause  of  the  fall  of  blood-prcssiire  is  found  to  proceed  from  the 
dilatation  of  the  vascular  district  within  the  abdomen  supplied  by  the 
splanchnic  nerves,  in  consequence  of  which  the  vessels  hold  a  much 
larger  quantity  of  blood  than  usual.  The  engorgement  of  the  splanch- 
nic area  very  gi*eatly  diminishes  the  amount  of  blood  in  the  vessels  else- 
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where,  and  bo  materially  diminishes  tho  blood* pressure.  The  ftmction 
of  the  depressor  nerve  is  presumed  to  be  that  of  conveying  to  the  vaso- 
motor centre  indications  of  such  conditions  of  the  heart  as  require  a 
diminution  of  the  tension  in  the  blood- vessels;  as^  for  example,  that  the 
heut  cannot,  irith  sufficient  ease,  propel  blood  into  the  already  too  full 
or  too  tense  arteries  (p.  232), 

The  action  of  the  depressor  nerve  in  causing  an  inhibition  of  the 
Tmso-motor  centre  illustrates  the  more  unusual  effect  of  afferent  impulses. 
Ab  a  rule,  the  stimulation  of  the  central  end  of  an  afferent  nerve  pro- 
duces  a  reverse  or  pressor  effect,  and  increases  the  tonic  influence  of 
the  centre,  and  by  causing  constriction  of  the  arterioles,  either  locally  or 
generally,  raises  the  blood-pressure.  Thus  the  effect  of  stimulating  an 
a^erent  nerve  may  be,  by  its  influence  on  the  vaso-motor  centre,  either 
to  dilate  or  to  constrict  the  arteries.  Stimulation  of  an  afferent  nerve 
too  may  produce  a  kind  of  paradoxical  effect,  causing  general  vascular 
constriction  and  so  general  increase  of  blood-pressure,  but  at  the  siime 
lime  locaj  dilatation  which  must  evidently  have  an  immense  inffuenco 
in  increasing  the  flow  of  blood  through  the  part. 

The  vaso-motor  centre  may  not  only  be  reflexly  affected,  but  it  may 
also  be  affected  by  impulses  proceeding  to  it  from  the  cerebrum,  as  in 
the  case  of  blushing  from  mind  disturbance,  or  of  pallor  from  sudden 
fear.  It  will  be  shown,  too,  in  the  chapter  on  Respiration  that  the  cir- 
culation of  venous  blood  may  directly  stimulate  the  centre  itself. 

Although  the  tone  of  the  arteries  is  influenced  by  the  centres  in  the 
cerebro-spinal  axis,  experiments  have  proved  that  this  is  not  the  only 
way  in  which  it  may  be  influenced.  Thus  the  dilut«tion  which  occurs 
alter  section  of  the  cervical  sympathetic  in  the  first  experiment  cited 
abore,  only  remains  for  a  short  time,  and  is  soon  followed— although  a 
portion  of  tho  nerve  may  have  been  removed  entirely — by  the  vessels 
TOgHtning  their  ordinary  calibre;  and  afterward  local  stimulation,  t\//., 
the  application  of  heat  or  cold,  will  cause  dilatation  or  constriction. 
This  ia  probably  the  effect  of  the  direct  stimulation  of  the  muscle  of  the 
walls  of  the  vessels.  The  observations  upon  the  functions  of  the  vaso- 
motor nerves  themselves  appear  to  divide  them  into  four  classes:  (1) 
tboAe  on  division  of  which  diktat  ion  occurs  for  some  time,  and  which 
on  stimulation  of  their  peripheral  ends  produce  constriction:  (2)  those 
on  division  of  which  momentjiry  dilatation  followed  by  constriction  oc- 
curs, with  dilatation  on  stimulation;  (3)  those  on  division  of  which  di- 
lalaiion  ia  caused,  which  lasts  for  a  limited  time,  with  constriction  if 
■timulaied  at  once,  but  dilatation  if  some  time  is  allowed  to  elapse  before 
Vhe  stimulation  is  applied;  (4)  a  class,  division  of  which  produces  no 
effect  but  which,  on  stimulation,  cause  according  to  their  function  either 
dilmtation  or  constriction.  A  good  example  of  this  fourth  chtss  is  afforded 
lerres  supplying  the  submaxillary  gland,  viz.,  the  chorda  tympani 
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and  the  sympattietic,  Wheo  either  of  these  nerves  is  simply  divided, 
no  change  takes  place  in  the  vessels  of  the  gland;  but  on  stimukting 
the  uborda  tympaui  the  vessels  dilate,  aud,  on  the  other  hand,  when  the 
sympathetic  is  stimulated  the  vessels  contract.  The  nerves  acting  like 
the  chorda  tympani  in  this  case  are  called  vaso-dilators»  and  thoie 
like  tlie  sympathetic  vaso-constrictors.  The  vaso-dilator  nerves  are 
believed  to  act  upon  the  bloud-vessels  just  in  the  same  way  as  the  vaguj 
does  upon  the  heart,  tliey  are  rfim-inhihi/ari/,  or  anabolic  nerrea.  la 
the  same  way  the  vaso-constrictor  are  ras<i-au(jmentor^  like  the  sjmpA* 
thetic  heart  fibres,  or  in  other  words,  ca/aMir  nerves  to  the  blood-vessek 
The  following  table  may  serve  as  summary  of  the  effeci  of  the  fUkra- 
tion  of  the  peripheral  resistance  upon  itie  blood^pressure  : — 

A.  An  increase  of  the  blood^pressore  may  be  produced:^ — 

(1.)  By  stimulutiun  of  the  Tjiwi>-ni(vl*ir  centra  in  the  medulla,  either 
a,   Diraittf,  as  by  carbonat**<l  or  deoxygenaknl  blood. 
/9.  ImUreetlji,    by  i]npr*?HsionH  di^^tceDding  from   the   cerebnxm, 

e.g.,  in  sudden  pallor. 
y.  Rtiffcrlfi,  by  stimulation  of   afferent  or  preiwor  nerres  any- 
where, which  increaseft  the  action  of  the  centre. 
{2.)  By  stimulation  of  the  centres  in  sipinal  c-ord. 

Possibly  direetl}'  or  indirectly,  certainly  reflexJy. 
(S.)  By  stimulation  of  each  vaecylar  area  directly  by  means  of  altem) 
bloi>il. 

B.  A  decrease  of  the  blood-pressure  may  be  produced  : — 

(I.)  By  sliniulatiou  of  the  vfiso- motor  ceutro  in  tl\e  medulla,  either 
(a)   Dfredlj/,  tm  by  oxygenated  or  aerated  blood. 
(/?)  Indit'ectly,    by     impress ioni*    descend  iug    from    the    cere- 

brum— e.g.,  in  blushing* 
(7)  Eeftexly,  by  stimulation  of  the  deprcjisor  nerve,  and  con- 
sequent dilatation  of  vessels  of  splanchnic  area,  andpiro- 
ducing  inhibitioia  of  the  centre  by  stimulation  of  other 
eensorj'  nerves. 
(2.)  By  stimulation  of  the  centn?s  in  Bpinal  cord,     Poesibly  directly, 

indirectly,  or  retlexly. 
(8.)  By  stimulation  of  each  vascular  area  directly,  e.g.,  by  means  of 
altered  blood,  or  bv  heat. 
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Besides  the  regulation  of  the  heart  beat  and  of  the  peripheral  resist- 
ance, it  must  be  recollected  that  other  circuniatancea  may  affect  the  blood 
pressure,  of  which  changes  in  the  blood  are  the  chief.  First  of  all— 
a.  As  regards  quant  it  t/.  At  first  sight  it  would  appear  probable  that 
one  of  the  easiest  ways  to  diminish  the  blood-pressure  would  he  to  re- 
move blood  from  the  vessels  by  bleeding.  It  ha8  been  found  by  experi- 
ment, however,  although  the  blood-pressure  sinks  while  large  abstractions 
of  blood  are  taking  place,  that  as  soon  as  the  bleeding  ceases  it  rises 
rapidly,  and  speedily  becomes  normal;  that  is  to  say,  unless  so  large  an 
amount  of  blood  has  been  taken  as  to  be  positively  dangerous  to  life, 
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^KUttmHon  of  blood  has  little  eifect  upon  the  blood-pressure.  The  mpid 
Htotnni  to  the  normal  pressure  is  due  not  so  much  to  the  withdrawal  of 
^Wrmph  and  other  fluids  from  the  body  into  the  blood*  as  wiis  formerly 
VboppOBed,  im  to  the  regulation  of  the  peripheral  resistance  by  the  vaso- 
motor nerrea;  in  other  words,  the  small  arteries  contract,  and  in  so  do- 
ing maintain  pressure  on  the  blood  and  favor  its  accumulation  in  the 
arterial  system.  This  is  due  to  the  stimulation  of  the  vaso-motor  cen- 
tre from  diminution  of  the  supply  of  blood,  and  therefore  of  oxygen. 
The  failure  of  the  blood-pressure  to  return  to  normal  in  the  too  great 
abstniction  must  be  tnken  to  indicate  a  condition  of  exhaustion  of  the 
centre,  and  consequently  of  want  of  regulation  of  the  periphenil  resist- 
ance. In  the  same  way  it  might  bo  thought  that  injection  of  blood  into 
the  already  full  vessels  would  be  at  once  followed  by  rise  in  the  blood- 
pressure,  and  this  is  indeed  the  case  up  to  a  certsiin  point — the  pressure 
do«!8  ride,  but  there  is  a  limit  to  the  rise.  Until  the  amount  of  blood 
injected  equals  abont  2  to  3  per  cent  of  the  body- weight,  the  pressure 
continues  to  rise  gradually;  but  if  the  amount  exceed  this  proportion, 
the  rise  does  not  continue.  In  this  case,  therefore,  as  in  the  opposite 
when  blood  is  abstracted,  the  yaso-motor  apparatus  must  counter- 
act the  great  increase  of  pressure,  but  now  by  dilating  the  small  ves- 
sels, and  so  diminishing  the  peripheral  resistance,  for  after  e^ich  rise 
there  is  a  partial  fall  of  pressure;  and  after  the  limit  is  reached  the 
whole  of  the  injected  blood  displaces,  as  it  were,  an  equal  quantity  which 
passes  into  the  small  veins,  and  remains  within  them.  It  should  be  re- 
membered that  the  veins  are  capable  of  holding  the  whole  of  the  blood 
of  the  body. 

Further,  as  we  have  seen,  the  amount  of  blood  supplied  to  the  heart, 
both  to  its  substance  and  to  its  chambers,  has  a  marked  effect  upon  the 
blood-pressure. 

6*  As  regards  quality.  The  quality  of  the  blood  supplied  to  the 
heart  has  a  distinct  effect  upon  its  contraction,  as  too  watery  or  too 
little  oxygenated  blood  must  interfere  w4th  its  action.  Thus  it  appears 
that  blood  containing  certain  substances  affects  the  periphend  resistance 
by  acting  upon  the  muscular  fibres  of  the  arterioles,  and  so  directly  alter- 

Iing  the  calibre  of  the  vessels. 
Proofs  of  the  Circulation  of  the  Blood, 
It  seems  hardly  necessary  at  the  i)resent  time  to  bring  forward  the 
proofs  that  during  life  the  blood  circulates  within  the  body;  they  are 
so  well  known.  It  is  interesting,  however,  to  recount  the  main  argu- 
ments by  wiiich  Harvey  in  the  first  instance  established  the  fact  of  the 
circulation;  they  were  as  follows:— 

1.  That  the  he:trt  in  half  an  hour  propels  more  blood  than  the  whole 
maas  of  blood  in  the  body; 
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2.  That  the  blood  spurts  with  great  force  and  in  a  jerky  manner 
from  an  opened  artery,  such  as  the  carotid,  with  every  beat  of  the 
heart; 

3.  That  if  true,  the  normal  course  of  the  circulation  would  explain 
why  after  death  the  arteries  are  commonly  found  empty  and  the  veina 
full; 

4.  That  if  the  large  veins  near  the  heart  be  tied  in  a  fish  or  snake, 
the  heart  becomes  pale,  flaccid,  and  bloodless;  and  that  on  moving  the 
ligature,  the  blood  again  flows  into  the  heart.  If  the  artery  is  tied,  the 
heart  becomes  distended,  the  distention  lasting  until  the  ligature  is 
removed ; 

5.  That  if  a  ligature  round  a  limb  be  drawn  very  tight,  no  blood  can 
enter  the  limb,  and  it  becomes  pale  and  cold.  If  the  ligature  be  some- 
what relaxed,  blood  can  enter  but  cannot  leave  the  limb;  hence  it  be- 
comes swollen  and  congested.  If  the  ligature  be  removed,  the  limb 
soon  regains  its  natural  appearance; 

6.  That  the  valves  in  the  veins  only  permit  the  blood  to  flow  toward 
the  heart ; 

7.  That  there  is  general  constitutional  disturbance  resulting  from 
the  introduction  of  a  poison  at  a  single  point,  e.g.,  snake  poison; 

To  these  may  now  be  added  many  further  proofs  which  have  accn- 
mulated  since  the  time  of  Harvey,  e.g. : — 

8.  That  in  wounds  of  arteries  and  veins ;  in  the  former  case  hemor- 
rhage may  be  almost  stopped  by  pressure  between  the  heart  and  the 
wound,  in  the  latter  by  pressure  beyond  the  seat  of  injury; 

9.  That  the  passage  of  blood-corpuscles  from  small  arteries  through 
capillaries  into  veins  in  all  transparent  vascular  parts,  as  the  mesentery, 
tongue,  or  web  of  the  frog,  the  tail  or  gills  of  a  tadpole,  etc.,  may  actu- 
ally be  observed  under  the  microscope. 

Further,  it  is  obvious  that  the  mere  fact  of  the  existence  of  a  hollow 
muscular  organ  (the  heart)  with  valves  so  arranged  as  to  permit  the 
blood  to  pass  only  in  one  direction,  of  itself  suggests  the  course  of  the 
circulation.  The  only  part  of  the  circulation  which  Harvey  could  not 
follow  was  that  through  the  capillaries,  for  the  simple  reason  that  he 
had  no  lenses  sufficiently  powerful  to  enable  him  to  see  it.  Malpighi 
(1661)  and  Leeuwenhoek  (1668)  demonstrated  this  in  the  tail  of  the  tad- 
pole and  lung  of  the  frog. 
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CHAPTEE  VII. 

RESPIRATION, 

The  maintenatico  of  animal  life  necessitates  the  continual  absorption 
of  oxygen  and  excretion  of  carbonic  acid;  the  blood  being,  in  all  aui- 
mala  which  possess  a  well -developed  blood -vuscular  system,  the  medium 
by  which  these  gases  are  carried.  By  the  blood,  oxygen  is  absorbed 
from  without  and  conveyed  to  all  parts  of  the  organism;  and,  by  the 
blood,  carbonic  acid,  which  comes  from  within,  is  carried  to  those  parts 
by  which  it  may  escape  from  the  body.  The  two  processes,— absorption 
of  oxygen  and  excretion  of  carbonic  acid,  are  complementary,  and  their 
sam  is  termed  the  process  of  lituspiration. 

In  all  Vertebrata,  and  in  a  large  number  of  Invertebrata,  certjiin  parts, 
either  lung^n  or  gills^  are  specially  constructed  for  bringing  the  blood 
into  proximity  with  the  aerating  medium  (atmospheric  air,  or  water  con- 
taining air  in  solution).  In  some  of  the  lower  Vertebrata  (frogs  and 
other  naked  Amphibia)  the  skin  is  important  as  a  respiratory  organ, 
and  ia  capable  of  supplementing,  to  eome  extent,  the  functions  of  the 
proper  hreathint]  apparatus;  but  in  all  the  higher  animals,  including 
man,  the  respiratory  capacity  of  the  skin  is  so  infinitesimal  that  it  may 
be  practically  disregarded. 

Essentially  a  lung  or  gill  is  constructed  of  a  fine  transparent  mem- 
brane, one  surface  of  which  is  exposed  to  the  air  or  water,  as  the  case 
may  be,  while,  on  the  other,  is  a  network  of  blood-vessels,— the  only  sep- 
aration between  the  blood  and  aerating  medium  being  the  thin  wall  of 
the  blood-vessels,  and  the  fine  membrane  on  one  side  of  which  vessels 
are  distributed.  The  difference  between  the  simplest  and  the  most 
complicated  respiratory  membrane  is  one  of  degree  only. 

The  various  complexity  of  the  respiratory  membrane,  and  the  kind 
of  aerating  medium,  are  not,  however,  the  only  conditions  which  cause 
a  difference  in  the  respiratory  capacity  of  different  animals.  The  num- 
ber and  size  of  the  red  blood -coq>«scles,  the  mechanism  of  the  breathing 
apparatus,  the  presence  or  absence  of  b  pithnonftrg  heart,  physiologically 
distinct  from  the  spate miCf  are,  all  of  them,  conditions  scjxrcely  second 
in  importance. 

It  may  be  as  well  to  state  here  that  the  lungs  are  only  the  medium 
for  the  etrhange,  on  the  part  of  the  blood,  of  carbonic  acid  for  oxygen. 
They  are  not  the  seat,  in  any  special  manner,  of  those  combustion-pro- 
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cesses  of  which  the  production  of  carbonic   acid   is   the  final    re 
These  processes  occur  in  all  parts  of  the  body  in  the  substance  of  the 
tissues. 


Of  the  Respiratory  Apparatus. 

The  object  of  respinition  being  the  interchange  of  gases  in  the  Inngi^ 
it  is  necessary  that  the  atmospheric  air  shall  pa^s  into  them  and 
the  changed  air  should  be  expelled  from  them.    The  hmgs  are  contained 
in  the  chest  or  thorax,  which  is  a  closed  cavity  having  no  commnnica- 


that! 
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Fig;.  908. 


FI^,  aOS^—Outlliie  MhDwlne  the  ^'eoeml  form  of  the  larvDx.  traohwi.  and  bronchi,  as  seen  from 
befora,  h.  The  ^reat  cornii  tif  the  hjoiU  litnu.  ■  t\  <?piKlrtttl»:'  /,  superior,  and  ^^  ioferior  corou  of  tt  e 
tfajrodd  c&rtllAge:  c,  rnkklle  of  th*?  ericolil  L-artiljipt?  ;  ti\  ihf  ttacliea,  &»hrjwli3g  sixteen  c&rtilM^tioii« 
rin^  J  Ik  the  ri|cht^  and  h\  the  left  bronchus.     ^  Allen  Tliomiiotj. )     >  H. 

Fji?.  'Jilci,  -UutUne  showing  the  i^'eueral  form  of  the  larj'nx.  trachea,  and  broDchl,  as  seen  fnnn 
behiwd,  A.  Ure-at  eonm  of  thetiyoid  btmie;  C,  superior,  and  t\  the  inferior  coruu  ojf  the  thyroid 
ciartilage  ;  e.  epiglottis;  a,  points  to  the  back  of  iMnth  the  arvtenoid  cartilages,  wfalcb  are  sur- 
mounted by  tJie  cornicula  ;  e,  the  middle  ridge  on  the  hnck  of  "the  cricoid  cartilage;  fr,  thepoi- 
terlor  metnbratiouit  port  of  the  trachea;  b,  b',  righi  mid  left  broncbl.    CAllen  Thomaon  j     x  ^ 
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'  tion  with  the  outside,  except  by  means  of  the  respiratory  passages.  The 
air  enters  these  passages  through  the  nostrils  or  tlirough  the  mouth, 
thence  it  passes  through  the  hirynx  into  tlie  tmchea  or  windpipe,  which 
about  the  middk^  of  the  chest  divides  into  two  tubes,  brouchi,  one  to 
M(Ch  (right  and  left)  lung. 

The  Larytix  is  the  upper  part  of  the  passage  which  leads  exclii8i\*ely 
to  the  lang;  it  is  formed  by  the  thyroid,  cricoid,  and  arytenoid  cartiluges 
{fig.  202),  and  contains  the  vocal  cord^,  by  the  vibration  of  which  the 
voice  is  chiefly  produced.  These  vocal  cords  are  ligamentous  bands 
attached  to  certain  cartilages  capable  of  movement  by  muscles*  By 
their  approximation  the  cords  can  entirely  close  the  entrance  into  the 
lar}^x;  but  under  ordinary  conditions,  tbe  entrance  of  the  larynx  is 
formed  by  a  more  or  leas  triangular  chink  between  them,  called  the 
rima  yhttidis.  Projecting  at  an  acute  angle  between  the  base  of  the 
tongue  and  the  larynx,  to  which  it  is  attached,  is  a  leaf-shaped  cartilage, 
with  its  larger  extremity  free,  culled  the  epightth  (fig.  :iQ%  e).  The 
whole  of  the  larynx  is  lined  by  mncous  membrane,  which,  however,  is 
extremely  thin  over  the  vocal  cords.  At  its  lower  extremity  the  larynx 
joins  the  tracheA.*  With  the  exception  of  the  epiglottis  and  the  so- 
called  cornicuk  laryngis,  the  ciirtUiiges  of  the  larynx  are  of  the  hyalin 
Tariety. 

The  EpighttU, — The  supporting  cartilage  of  the  epiglottis  is  com- 
poeed  of  yellow  elastic  cartilage,  inclosed  in  a  fibrous  sheath  (perichon- 
drium), and  covered  on  both  sides  with  mucous  membrane.  The  ante- 
rior surface,  which  looks  toward  the  back  of  the  tongue,  is  covered  with 
mucoos  membrane,  the  basis  of  which  is  fibrous  tissue,  elevated  toward 
both  surfaces  in  the  form  of  rudimentary  papilla,  and  covered  with 
seyeral  layers  of  squamous  epithelium.  In  it  ramify  capOlary  blood- 
Feasels,  and  in  its  meshes  are  a  hirge  number  of  lymphatic  channels. 
Under  the  mucous  membrane,  in  the  less  dense  fibrous  tissue  of  which 
it  is  composed,  is  a  number  of  tubular  glands*  The  posterior  or  hiryn- 
geal  surface  of  the  epiglottis  is  covered  by  a  mucous  membrane,  similar 
in  structure  to  that  on  the  other  surface,  but  its  epithelial  coat  is  thin- 
ner, the  number  of  strata  of  cells  is  less,  and  the  papillae  few  and  less 
distinct.  The  fibrous  tissue  which  constitutes  the  mucous  membrane  is 
in  great  part  of  the  adenoid  variety,  and  is  here  and  there  collected  into 
distinct  masses  or  follicles.  The  glands  of  the  posterior  surface  are 
smaller  but  more  numerous  than  those  of  the  other  surface.  In  many 
places  the  glands  which  are  situated  nearest  to  the  perichondrium  are 
directly  continuous  through  apertures  in  the  Ciirtilage  with  those  on  the 
other  side,  and  often  the  ducts  of  the  glands  from  one  side  of  the  c^rti- 


•  A  d©taile<i  accouot  of  the  Btructure  and  function  of  the  Latjux  will  be 
found  in  a  lat«r  chapter. 
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lage  jiaee  turougli  and  open  upon  the  mucous  surface  of  the  other  side. 
Taifie  fjohhh  have  been  found  in  the  epithelium  of  the  posterior  surface 
of  the  cpiglottifi,  and  in  several  other  aituations  in  the  luryngeal  mucous 
membrane. 

The  Trachea  and  Brotwhi, — The  trachea  extends  from  the  cricoid 
cartilage,  which  is  on  a  level  with  the  fifth  cervical  vertebra,  to  a  point 
opposite  the  third  dorsal  vertebra,  where  it  divides  into  the  two  bronchi, 


.1-^^'. 


Tig.  904.— SectioQ  of  tlie  trachea,  ct,  Oolumnar  ciliated  epttlieUuin ;  b  and  c,  proper  stnictiuv  at 
the  muootis  membrane,  onntaJnlog  elutic  (ihreft  cut  acrofls  trasflvereely:  d,  Bubamcuout  Uitmnb 
ooQt&iiLiti^  niucmiM  ^latidi^  r.  se^pamted  from  the  h^aJlne  eiutUo^,  g,  hy  a  fine  flhrons  timam,/:  &, 
exlemal  inTestme&t  of  ftoe  flbroua  Umae,    <S.  K.  Alcook.  > 


one  for  each  lung  (fig.  203).  It  measures,  on  an  average,  four  or  four- 
and-a-half  inches  in  length,  and  from  three-quarters  of  an  inch  to  an 
inch  in  diameter,  and  is  essentially  a  tube  of  flbro-elastie  membrane, 
within  the  layers  of  which  are  enclosed  a  series  of  cartilaginous  rings, 
from  sixteen  to  twenty  in  number.  These  rings  extend  only  around 
the  front  and  sides  of  the  trachea  (about  two-thirds  of  its  circumfer- 
ence), and  are  deficient  behind;  the  interval  between  their  posterior 
extremities  being  bridged  over  by  a  continuation  of  the  fibrous  mem- 


t 


I 


RESPlflATlON. 


2i3 


■  ^rane  in  which  they  are  closed  (fig,  204)*  The  cartilages  of  the  trachea 
and  bronchial  tubes  are  of  the  hyaline  variety. 

Immediately  within  this  tube,  at  the  back,  is  a  layer  of  unetriped 
muscular  fibres,  which  extends,  tran8t*ersefiff  between  the  ends  of  the 
cartilaginous  rings  to  which  they  are  attached,  and  opposite  the  inter- 
Tals  between  them,  ulao^  their  evident  function  being  to  diminish,  when 
required,  the  calibre  of  the  trachea  by  approximating  the  ends  of  the 
cartilages.  Outside  there  are  a  few  lofi^iiudinal  bundles  of  muscular 
tissue,  which,  like  the  preceding,  are  attached  both  to  the  fibrous  and 
cartilaginous  fnimework* 

The  mucous  membrane  consists  to  a  great  extent  of  adenoid  tissue, 
separated  from  the  stratified  columnar  epithelium  which  lines  it  by  a 
homogeneous  basement  membrane.  This  is  penetrated  here  and  there 
by  channels  which  connect  the  adenoid  tissue  of  the  mucosa  with  the 
intercellular  substance  of  the  epithelium.  The  stratified  columnar 
epithelium  is  formed  of  several  layers,  of  which  the  most  superficial  layer 

■  is  ciliated,  and  is  often  branched  downward  to  join  connective  tissue 

■  corpuscles;  while  between  these  branched  cells  are  smaller  elongated 
cells  prolonged  up  toward  the  surface  and  down  to  the  basement  mem- 
brane. Beneath  these  are  one  or  more  layers  of  more  irregularly-shaped 
cells.  Many  of  the  superficial  cells  are  of  the  goblet  variety.  In  the 
deeper  part  of  the  mucosa  are  many  elastic  fibres  between  which  lie 
connective-tissue  corpuscles  and  capillary  blood-vessels. 

Numerous  mucous  glands  are  situated  on  the  exterior  and  in  the 
substance  of  the  fibrous  framework  of  the  trachea:  their  ducts  perforat- 
ing the  various  structures  which  form  the  wall  of  the  trachea,  and  open- 
iug  through  the  mucous  membrane  into  the  interior. 

■  The  two  bronchi  into  which  the  trachea  divides,  of  which  the  right 
^Mi  shorter,  broader,  and  more  horizontal  than  the  left  (fig.  202),  resem- 
VUe  the  trachea  exactly  in  structure,  with  the  difference  that  in  them 

■  there  is  a  distinct  layer  of  unstriped  muscle  arranged  circularly  beneath 
the  mucous  membrane,  forming  the  mn.'^culaHs  mucosce*  On  entering 
the  substance  of  the  lungs  the  cartilaginous  rings,  although  they  still 
form  only  larger  or  smaller  segments  of  a  circle,  are  no  longer  confined 
to  the  front  and  sides  of  the  tubes,  but  are  distributed  impartially  to  all 
parts  of  their  circumference. 

The  bronchi  divide  and  subdivide,  in  the  substance  of  the  lungs, 
into  a  number  of  smaller  and  smaller  branches,  which  penetrate  into 
every  part  of  the  organ,  until  at  length  they  end  in  the  smaller  sub- 
divisions of  the  lungs,  ctilled  iobtths. 

All  the  larger  branches  have  walls  formed  of  tough  membrane,  con- 
taining portions  of  C4irtilaginous  rings*  by  which  they  are  held  open,  and 
unstriped  muscular  fibres,  as  well  as  longitudinal  bundles  of  elastic  tis- 
sue.    They  are  lined  by  mucous  membrane,  the  surface  of  which,  like 
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that  of  tbe  liirynx  and  trachea,  is  covered  with  ciliated  epithelium,  bnt 
tlie  sevend  layers  become  lesa  and  leas  distinct  until  the  Hnitig  consi^u 
of  a  single  layer  of  more  or  less  cubical  cells  covered  with  cilin  (fig.  20o). 
The  mucous  membrane  is  abundantly  provided  with  miieoiis  ghinds. 

As  the  bronchi  become  smaller  and  smaller,  and  their  walls  thinner, 
tbe  cartilaginous  rings  become  scarcer  and  more  irregular,  until,  in  tbe 
smaller  bronchial  tubes,  they  are  represented  only  by  minute  and  scat- 
tered cartilaginous  flakes.  And  when  the  bronchi,  by  successire  bmnchej 
are  reduced  to  about  ^^  of  an  inch  (.6  mm.)  in  diameter,  they  lose  their 
cartilaginous  element  altogether,  and  their  walls  are  formed  only  of  a 
tough  fibrous  elastic  membrane,  with  circubir  muscular  fibres;  they  are 
still  lined,  however*  by  a  thin  mucous  membrane,  with  ciliated  epithe- 
lium, tbe  length  of  tbe  cells  bearing  the  cilia  having  become  so  far 
diminished  that  the  cells  are  now  almost  eubicab     In  the  smaller  bron- 


Flsr.  2115.— Trftnsrerae  aectloii  of  ft  bronchuft,  about  %  inch  in  diameter,  e.  EplCbeUiiii]  Ccitiatftd); 
lmine«natt4y  beneath  it  Is  the  mucous  meoabroue  or  iDk^mal  flhmijs  Ukyer^  of  ranrlne  tbickneHs;  m, 
muscular  layer ;  m.  m,  submiMous  ttetie^,  fibrous  tiHfiue ;  c,  cartUoge  eoclofled.  wiUiId  ttie  Uiyeti 
of  flbroufl  tissue ;  g,  mucoua  gload.    (F.  fi*.  8cbulse,> 

chi  the  circular  muscular  fibres  are  relatively  more  abundant  than  in 
the  larger  bronchi,  and  form  a  distinct  circular  coat*  • 

The  Lungs  mid  P/e«rce.— The  Lungs  occupy  the  greater  portion  of 
tbe  thorax.  They  are  of  a  spongy  elastic  texture,  and  on  section  appear 
to  the  naked  eye  as  if  they  were  in  great  part  solid  organs,  except  here 
and  there.,  at  certain  points,  where  bmncbes  of  the  bronchi  or  air- tubes 
may  have  been  cut  across,  and  show,  on  the  surface  of  the  section,  their 
tubular  structure.  In  fact,  however^  tbe  lungs  are  hollow  organs,  each 
of  which  communicates  by  a  separate  orifice  with  a  common  air-tube, 
the  trachea. 

Each  lung  is  enveloped  by  a  serous  membrane — the  pleura^  one  layer 
of  which  adheres  closely  to  its  surfaccj  and  provides  it  with  its  smooth 
and  slippery  covering,  while  the  other  adheres  to  the  inner  surface  of 
the  chest-walL  The  continuity  of  the  two  layers,  which  form  a  closed 
sac,  as  in  the  case  of  other  serous  membranes,  will  be  best  understood 
by  reference  to  fig*  206.     The  appearance  of  a  space,  however,  between 
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the  pleura  which  covers  the  lung  {iHnceral  layer),  and  that  which  lines 
the  inner  sariace  of  the  chest  ( parietal  layer),  is  inserted  in  the  draw- 
ing only  for  the  sake  of  distinctness.  These  layers  are,  in  health,  every- 
where in  contact,  one  with  the  other;  and  between  them  is  only  just  so 
much  fluid  as  will  insnrc  gliding  easily,  in  their  expansion  and  contrac- 
tion, on  the  inner  surface  of  the  parietal  layer,  which  lines  the  chest- 
wall  While  considering  the  subject  of  normal  respiration,  we  may 
discard  altogether  the  notion  of  the  existence  of  any  space  or  cavity 
.  between  the  lungs  and  the  wall  of  the  chest. 

If,  however,  an  opening  be  made  so  as  tn  permit  air  or  fluid  to  enter 
the  pleural  sac,  the  lung,  in  virtue  of  its  elasticity,  recoils,  and  a  consid- 
erable spiuie  is  left  between  it  and  the  clieat-wull.  In  other  words,  the 
natural  elasticity  of  the  lungs  would  cause  them  at  all  times  to  contract 


Fig    JKj      TmnsvrrHi'  s<'Ctioii  of  ihr  chcftl; 


away  from  the  ribs  were  it  not  that  the  contraction  is  resisted  by  atmos- 
pheric pressure  which  bears  only  on  the  imifr  surface  of  the  air-tubes 
and  air-cells.  On  the  admission  of  air  into  the  pleural  sac,  atmospheric 
pressure  bears  alike  on  the  inner  and  outer  surfaces  of  the  lung,  and 
their  elastic  recoil  is  thus  no  longer  prevented. 

The  pulmonary  plouni  consists  of  an  outer  or  denser  layer  and  an 
inner  looser  tissue.  The  former  or  pkura  proper  consists  of  dense 
fibrous  tissue  with  elastic  fibres,  covered  by  endothelium,  the  cells  of 
which  are  large,  flat,  hyaline,  and  transparent  when  the  lung  is  ex- 
pimded*  but  become  smaller,  thicker,  and  granular  when  the  lung  col- 
lapses. In  the  pleura  is  a  lymph-canalicuhir  system;  and  connective 
tissue  corpuscles  are  found  in  the  fibrous  tissue  which  forms  its  ground- 
work. The  inner,  looser,  or  sub-pleural  tissue  contains  lamellse  of  fibrous 
connective  tissue  and  connective-tissue  corpuscles  between  them.  Ku- 
merouB  lymphatics  are  to  be  met  with,  which  form  w  dense  plexus  of 
Teasels,  many  of  which  contain  valves.     They  are  simple  endothelial 
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tubes,  aod  Uike  origin  in  the  Ijmph-canalicular  fiystem  of  the  pleum, 
proper.  Scattered  bundles  of  unstriped  muscular  fibre  occur  in  the 
pulmonary  pleura.  They  are  especially  strongly  developed  on  the  an- 
terior and  internul  surfaces  of  the  Iud^s,  the  parts  which  move 


Fig.  307>— CtliATjr  epltheUuin  of  the  tlimiAii  tr»ch«ft.    a,  Lajror  ml  ii..i^ii  izdmally  ammged  t 

llbtrea;  b^  bttseiiient  mt*mbranp  ;  r.  ileepest  colto,  circular  In  fornj  ;  d,  iMt^rmedJat^elouKatedcdlb; 
e,  outermoet  Jaj'i?r  of  lh?I1»  f  uJly  d<svelopf9d  and  bearing  cilia*     <  8fii>.    ( KiUliker,.) 

freely  in  respimtion :  their  function  is  doubtless  to  aid  in  expiration. 

The.  structure  of  the  parietal  portion  of  the  pleura  is  very  similar  to 
that  of  the  visceral  layer. 

Each  lung  is  partially  subdivided  into  separate  portions  called  lobes; 
the  right  lung  into  three  lobes,  and  the  left  into  two.  Each  of  these 
lobes,  again,  is  composed  of  a  large  number  of  minute  parts,  called  /o^* 


Fig.  90S. 


Fig.  309. 
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Fig.  808,— Terroinal  oratich  of  a  bronchial  tube,  with  it*  infundibulaiDd  air-cells,  from  the  maiv 
gin  of  the  lung  of  a  monkey,  inieet-ed  with  quickHilver.  a,  TermUiaJ  broauhlaJ  twig;  bb,  infumitLibula 
and  air-cell?;,     x  10.     ( F.  fl  fitihutx*?.) 

Fig.  20W.— Two  flmaJJ  iufiintlibiila  or  groui»  *«f  air-oeUs,  a  a,  with  air-cells,  b  6,  and  the  tiltimate 
broDCbfal  tubes,  c  c^  with  which  the  air-cells  communicate.    From  a,  new-lxim  cluhl.    iKolltker j 

ules.  Each  pulmonary  lobnle  may  be  considered  to  be  a  lung  in  minia* 
tore,  consisting,  as  it  does,  of  a  branch  of  the  bronchial  tube,  of  air-cells, 
blood-vessels,  nerves,  and  lymphatics,  with  a  sparing  amount  of  areolar 
tissue. 
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Ob  entering  a  lobule,  the  email  bronchial  tube,  the  strueture  of 
which  has  been  jofit  described  {a,  %.  20B),  divides  and  subdivides;  its 
Wfills  at  the  same  time  becoming  thinner  and  thinner,  until  at  length 
they  are  formed  only  of  a  thin  niembnine  of  areolar  and  elastic  tissue, 
lined  by  a  layer  of  squaraous  epithelium,  not  provided  with  cilia.  At 
the  same  time,  they  are  altered  in  shape;  each  of  the  minute  terminal 
branches  widening  out  funnel-wise,  and  its  walls  being  pouched  out 
iiregnlarly  into  small  sticcular  dilatations,  called  air-cells  (fig,  208,  b). 
Such  a  funnel-shaped  terminal  branch  of  the  bronchial  tube,  with  its 


Tig.  310,— From  a  aection  nt  tb?  lung- of  a  cat,  stained  with  silver  nitrate,  A.  D,  Alveoijw  duct  iw 
Interoeilular  poMage.  8.  AlvMar septa.  N.  Alveoli  or  air-c«ilj§,  ILuecl  nttii  largi^  flat,  Ducleate^l  c^lla, 
vlth  aome  Bmaller  poljrtiedrai  nucleated  eel  in.  M,  Uti>irrlcwd  muKtular  nbres.  Clreular  nniBctilar 
ftbrea  are  aeeo  Mirroimdlii^  the  tatevUtr  of  the  alveolar  duct,  and  at  one  part  is  seen  a  group  *it  «t£iall 
l^ljrbednil  cells  cont f uuea  frrym  the  bronetuis     ( Klf  lu  and  K oble  8uii t b/) 


group  of  pouches  or  air-cells,  has  been  called  an  irifynfUfmltim  (figs.  208, 
209),  and  the  irregular  oblong  apace  in  its  centre,  with  which  the  air- 
cells  communicate,  an  rniercelluhtr  pasMaffe, 

The  air-cells,  or  air-veeicle8»  may  be  placed  singly,  like  receaBes  from 
the  intercellular  passage,  but  more  often  thej  are  arranged  in  groups  or 
even  in  rows,  like  minute  sacculated  tubes;  so  that  a  short  series  of  ves- 
icles, all  communicating  with  one  another,  open  by  a  common  orifice 
into  the  tube.  The  vesicles  are  of  various  forms,  according  to  the 
mutual  pressure  to  which  they  are  subject;  their  walls  aro  nearly  in 
contact,  and  they  vary  from  -^  to  ^^^  of  an  inch  (.5  to  ,3  mm.)  in  diam- 
eter.    Their  walls  are  formed  of  fine  membrane^  similar  to  that  of  the 
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intercellular  passages,  and  continuous  with  it,  whicb  membrane  is  folded 
on  itself  so  as  to  form  a  sharp-edged  border  at  ©acli  circular  ori^ee  ol 
communic4ition  between  contiguous  air-resicles,  or  between  the  Tesidea 
and  the  bronchial  passages.  Numerous  fibres  of  elastic  tissue  are  spretd 
out  between  contiguous  air-cell8»  and  many  of  these  are  attached  to  ibe 
outer  surface  of  the  fine  membrane  of  which  each  cell  is  composed,  im- 
parting to  it  additional  strength,  and  the  power  of  recoil  after  disten- 
tioB.  The  cells  are  lined  by  a  layer  of  epithelium  (fig.  210),  not  pro- 
vided with  cilia.  Outside  the  cells,  a  network  of  pulmonary  cspillariea 
is  spread  out  so  densely  (fig.  211)  that  the  interspaces  or  meshes  are 
even  narrower  than  the  vessels,  which  are,  on  an  average,  ij-gW  ^^  ^n 
inch  (8,«)  in  diameter.  Between  the  atmospheric  air  in  the  cells  and 
the  blood  in  these  vessels,  nothing  intervenes  but  the  thin  walla  of  the 


Tig.  311.— Caplll&ry  network  of  the  pulmoDarj  bloodvesHeU  In  the  human  lung,  x  W*  (KCnffeer,) 

cells  and  capillaries;  and  the  exposure  of  the  blood  to  the  air  is  the 
more  complete,  because  the  folds  of  membrane  between  contiguous 
cells,  and  often  the  spaces  between  the  wails  of  the  same,  contain  only  a 
single  layer  of  capillaries,  both  sides  of  which  are  thus  at  once  exposed 
to  the  air. 

The  air-vesicles  situated  nearest  to  the  centre  of  the  lung  are  smaller 
and  their  networks  of  capillaries  are  closer  than  those  nearer  to  the  cir- 
cumference. The  vesicles  of  adjacent  lobules  do  not  communicate;  and 
those  of  the  same  lobuk^  or  proceeding  from  the  same  intercellular  pas- 
sage, do  80  as  a  general  rule  only  near  angles  of  bifurcation;  so  that, 
when  any  bronchial  tube  is  closed  or  obstructed,  the  supply  of  air  is  lost 
for  Jill  the  cells  opening  into  it  or  its  branches. 

Blood-supplj/.^The  lunge  receive  blood  from  two  sources,  (a)  the 
pulmonary  artery,  (Ij)  the  bronchial  arteries.  The  former  conveys  vemnu 
lalood  to  the  lungs  for  its  arterial  hat  ion,  and  this  blood  takes  no  share 
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m  the  nutrition  of  the  pulmonary  tissues  through  which  it  passes.  (/>) 
The  branches  of  the  bronchiiil  arteries  nimify  for  nutrition's  sake  in  the 
walls  of  the  bronchi,  of  the  larger  pulmonary  veRaetsj  in  the  interlobular 
connective  tissue,  etc.;  the  Wood  of  the  bronchial  vessels  being  returned 
chiefly  through  the  bronchial  and  partly  through  the  pulmonary  veins. 

Li^mphatic8,—ThQ  lymphatics  are  arranged  in  three  sets: — 1.  Irreg- 
nlar  lacunae  in  the  walls  of  the  alveoli  or  air-cells.  The  lymphatic 
Teasels  which  lead  from  these  accompany  the  pulmonary  vesflels  toward 
the  root  of  the  lung,  2.  Irrt*gular  anastomosing  spaces  in  the  walls  of 
the  bronchi-  3.  Lyniph-spaces  in  the  pulmonar}^  pleura.  The  lym- 
phatic veeaeU  from  all  these  irregnlur  sinuses  pass  in  toward  the  root 
'Of  the  lung  to  re^ich  the  bronchial  glands. 

'  Ji^erveat. — The  nerves  of  the  lung  are  to  be  traced  from  the  anterior 
and  posterior  pulmonary  plexuses,  which  are  formed  by  branches  of  the 
vagns  and  sympathetic.  The  nerves  follow  the  course  of  the  vessels  and 
bronchi,  and, in  the  walls  of  the  latter  many  small  ganglia  are  situated. 
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The  Respiratory  Mechanism. 

Respiration  consists  of  the  alternate  expansion  and  contraction  of 
the  thorax,  by  means  of  which  air  is  drawn  into  or  expelled  from  the 
lungs.    These  acts  are  called  luApiraiion  and  Expiration  respectively. 

For  the  inspiration  of  air  into  the  lungs  it  is  evident  that  all  that  is 
necessary  is  such  a  movement  of  the  side- walls  or  floor  of  the  chest,  or 
of  both,  that  the  capacity  of  the  interior  shall  be  enlarged.  By  such 
increase  of  capacity  there  will  be  of  course  a  diminution  of  the  pressure 
of  the  air  in  the  lungs,  and  a  fresh  quantity  will  enter  through  the 
larynx  and  trachea  to  equalize  the  pressure  on  the  inside  and  outside 
of  the  chest. 

For  the  expiration  of  air,  on  the  other  hand,  it  is  also  evident  that, 
by  an  opposite  movement  which  shall  diminish  the  capacity  of  the  chest, 
the  pressure  in  the  interior  will  be  increased,  and  air  will  be  expelled, 
nntil  the  pressure  within  and  without  the  chest  areagiiin  equal.  In  both 
cases  the  air  passes  through  the  trachea  and  larynx,  whether  in  entering 
or  leaving  the  lungs,  there  being  no  other  communication  with  the  ex* 
terior  of  the  body;  and  the  lung,  for  the  same  reason, remains  under  all 
the  circumstances  described  closely  in  contact  with  the  walls  and  floor 
of  the  chest*  To  speak  of  expansion  of  the  chest,  is  to  speak  also  of  ex- 
pansion of  the  lung. 

We  have  now  to  consider  the  means  by  which  the  respiratory  move- 
ments are  effected. 

Inspiration. — ^The  enlargement  of  the  cuest  in  inspiration  is  a 
Qscular  act;  the  effect  of  the  action  of  the  inspiratory  muscles  being 

increase  in  the  size  of  the  chest-cavity  (a)  in  the  vertical,  and   (h\ 
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in  the  htenl  Mid  sntero-pofterior  diameien.  The  miuelcs  engaged  in 
'n'dinary  iiupintion  are  the  diaphragm;  the  external intereoaiala;  parte 
of  the  mtemal  iDtereoitab;  the  leratorca  costamm;  and  aemtiu  poc- 
ticiu  niperior. 

(<!.;  The  rtrtUai  diameter  of  the  chest  u  increaaed  br  the  omtiaetioii 
and  oonjeqnent  descent  of  the  diaphragm — the  sides  of  the  mnscle  de- 
scending most,  and  the  central  tendon  remaining  compantiTelj  nnmored 
while  the  intercostal  and  other  mascles,  bj  acting  at  the  same  time,  pre- 
rent  the  diaphragm,  during  its  contraction,  from  drawing  in  the  sides 
of  the  chest. 

(b.)  The  increase  in  the  InUral  and  antero-po^tericr  diameters  of  the 


T\g.  212.— Diagram  of  axes  of  morement  of  ribs. 

chest  is  effected  by  the  raising  of  the  ribs,  the  greater  number  of  which 
are  attached  very  obliquely  to  the  spine  and  sternum. 

The  elevation  of  the  ribs  takes  place  both  in  front  and  at  the  sides 
— the  hinder  ends  being  prevented  from  performing  any  upward  move- 
ment by  their  attachment  to  the  spine.  The  movement  of  the  front 
extremities  of  the  ribs  is  of  necessity  accompanied  by  an  upward  and 
forward  movement  of  the  sternum  to  which  they  are  attached,  the  move- 
ment being  greater  at  the  lower  end  than  at  the  upper  end  of  the  latter 
bone. 

The  axes  of  rotation  in  these  movements  are  two;  one  corresponding 
with  a  line  drawn  through  the  two  articulations  which  the  rib  forms 
with  the  spine  (a,  h,  fig.  212) ;  and  the  other  with  a  line  drawn  from  one 
of  these  (head  of  rib)  to  the  sternum  (A  B,  fig.  212);  the  motion  of  the 
rib  around  the  latter  axis  being  somewhat  after  the  fashion  of  raising 
the  handle  of  a  bucket. 
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The  elevation  of  the  ribe  is  accompaBied  by  a  slight  opening  oat  of 
the  angle  which  the  bony  part  forms  with  its  cartilage  (fig.  213,  A); 
and  thus  an  additional  means  is  provided  for  iucreaaing  the  antero* 
pc^torior  diameter  of  the  chest. 

The  muficlefl  by  which  the  ribs  are  raised,  in  ordinnrij  quiet  inspira- 
tion, are  ^xtcrtutJ  intfrmstah^  and  that  portion  of  the  internul  intcrcosiaJH 
which  is  situate  between  the  costal  cartilages;  and  these  are  assisted 
by  the  hvatores  cosiarttm,  and  the  serratus  posikyus  superior.  The  ac- 
tion of  the  levntoreH  and  the  sfrrntus  m  very  simple.  Their  fibreSt  aris- 
ing from  the  spine  as  a  fixed  point,  pass  obliquely  downward  and  for- 
ward to  the  ribs,  and  necessarily  raise  the  latter  when  they  contract. 
The  action  of  the  intercostal  muscles  is  not  quite  so  simple,  inasmuch 

j>a68ing  merely  from  rib  to  rib,  they  seem  at  first  sight  to  have  no 


Fig.  218.— DlAKraiQ  of  movement  of  a  rib  in  iDspinitiOD. 


fixed  point  toward  which  they  can  pull  the  bones  to  which  they  are 
attached. 

In  tmnquil  breathing,  the  expansive  movements  of  the  lower  part  of 
the  chest  are  greater  than  those  of  the  upper.  In  forced  inspiration, 
on  the  other  hand,  the  greatest  extent  of  movement  appears  to  be  in 
the  upper  an tero- posterior  diameter* 

In  extraoniinarff  or  forced  inspiration,  as  in  violent  exercise,  or  in 
cases  in  which  there  is  some  ifiterference  with  the  due  entrance  of  air 
into  the  chest,  and  in  which,  therefore,  strong  efforts  are  necess^iry,  other 
muscles  than  those  just  enumerated,  are  pressed  into  the  service.  It  is 
very  difficult  or  impossible  to  separate  by  a  hard  and  fast  line  the  so- 
called  muscles  of  ordiuart/  from  those  of  extraortfinartf  inspiration;  but 
there  is  no  doubt  that  the  following  are  but  little  used  as  respirafory 
agents,  except  in  cases  in  which  unusual  efforts  are  required— the  scaleni 
muscles,  the  slerm^mastoid,  the  serraius  nmgnus,  the  pectorales^  and  the 
irajfezius. 


253 


HANDBOOK    OF    PHySIOLOOY, 


The  expansion  of  the  chest  in  inspiration  presents  some  peculiarities 
in  differimt  persons.  In  young  children,  it  is  effected  chieflj  by  thu 
diaphragm,  which  being  highly  arched  in  expimtion,  becomes  flatter  sa 
it  contrticts,  and*  descending,  presses  on  the  abdominal  viscera,  and 
pushes  forward  the  front  walls  of  the  abdomen*  The  movement  of  the 
iibdominal  walls  being  here  more  manifest  tlian  that  of  any  other  part, 
it  is  usual  to  call  this  the  abdaininal  type  of  respiration.  In  men,  to- 
gether with  the  descent  of  the  diaphragm,  and  the  pushing  forward  of 
the  front  wall  of  the  abdomen,  the  chest  and  the  sternum  are  subject  to 
a  wide  movement  in  inspiration  {inferior  coHial  type).  In  women,  the 
movement  appears  less  extensive  in  the  lower,  and  more  eo  in  the  upper* 
part  of  the  chest  (superior  eosffti  type). 

Expiration. — From  the  enlargement  produced  in  inspiration,  the 
cheat  and  lungs  return  in  ordinary  tranquil  expiration,  by  their  elastic- 
ity; the  force  employed  by  the  inspiratory  muscles  in  distending  the 
chest  and  overcoming  the  elastic  resistance  of  the  Uings  and  chest- walls, 
being  returned  as  an  expiratory  effort  when  the  muscles  are  relaxed. 
This  elastic  recoil  of  the  chest  and  lungs  is  sufficient,  in  ordinary  quiet 
breathing,  to  expel  air  from  the  lungs  in  the  intervals  of  inspiration, 
and  no  muscular  power  is  required.  In  all  voluntar}^  expiratory  efforts, 
however,  as  in  speaking,  singing,  blowing,  and  the  like,  and  in  many  in- 
voluntary actions  also,  as  sneezing,  coughing,  etc.,  something  more  than 
merely  passive  elastic  power  is  necessary,  and  the  proper  expiratory 
muscles  are  brought  into  action.  By  far  the  chief  of  these  are  the  ah- 
dominal  muscles,  which,  by  pressing  on  the  viscera  of  the  abdomen,  push 
up  the  floor  of  the  chest  formed  by  the  diaphragm,  and  by  thus  making 
pressure  on  the  lungs,  expel  air  from  them  through  the  trachea  and 
larynx.  All  muscles,  however,  which  depress  the  ribs,  must  act  also  as 
muscles  of  expiration,  and  therefore  we  must  conclude  that  the  abdom* 
inal  muscles  are  assisted  in  their  action  by  the  greater  part  of  the  inters 
nal  intercostals,  the  Irian gulariH  steriii,  the  serrat us  posticus  inferior 
and  f]uadr(tiuH  iumburunu  When  by  the  efforts  of  the  expiratory  mus- 
cles, the  chest  has  been  squeezed  to  less  than  its  average  diameter,  it 
again,  on  relaxation  of  the  muscles,  returns  to  the  normal  dimensions 
by  virtue  of  its  elasticity.  The  construction  of  the  chest-walls,  there- 
lore,  admirably  adapts  them  for  recoiling  against  and  resisting  afi  well 
undue  contraction  as  undue  dilatation. 

In  the  natural  condition  of  the  parts  the  lungs  can  never  contract 
to  the  utmost,  but  are  always  more  or  less  "  on  the  stretch,"  being  kept 
closely  in  contact  with  the  inner  surface  of  the  walls  of  the  chest  by 
cohesion  as  well  as  by  atmospheric  pressure,  and  can  contract  away  from 
these  only  when,  by  some  means  or  other,  as  by  making  an  opening  into 
the  pleural  cavity,  or  by  the  effusion  of  fluid  there,  the  pressure  on  the 
exterior  and  interior  of  the  lungs  becomes  equal.     Thus,  under  ordinary 
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circumstances,  the  degroo  of  contraction  or  dilatation  of  the  luogs  is 
dependent  on  that  of  the  boundary  walls  of  the  chest,  the  outer  gurfuce 
of  the  one  being  in  close  contact  with  the  inner  surface  of  the  other, 
and  obliged  to  follow  it  in  all  its  movements. 

Methods  of  recording  RespiratOTj  Movemeats* 

The  movements  of  respiration  may  be  recorded  graph  ieally  in  several  ways. 
The  ordinary  method  is  to  introduce  a  tiilx*  into  the  trachea  of  an  animal,  and 
to  oonnect  this  tube  by  some  gutta  percha  tubiojj:  with  a  T  piece  intrtiduced 
into  the  cork  of  a  large-size^i  bottle,  the  other  end  of  the  T  having  attached  to 
it  ft  Becond  piece  of  tubing,  which  can  remain  open  *>r  can  be  partially  or 
completely  closed  by  means  of  a  screw  clamp.  Into  the  cork  is  ineertjcd  a  sec- 
ond piece  of  glas6  tnbing  connected  with  a  Marey*s  tambour  by  suitable  tubiog. 
Thie  second  tube  communicates  any  alteration  of  the  pressure  in  the  bottle  of 


Wim.  214.— BtetbogTAph  or  Pneumograph,    h,  tambour  fixed  atri^tit  iLn£;le«  to  plate  of  steel  f; 

reaad  a,  arniH  by  which  mstrument  iHatt&ehed  t(t  ch^st  by  htM  t,    IVbeu  the  chest  e3rp«oii*,  toe 

mrram  are  puUrxi  asundi^r,  which  bentib  tht^  st*!*»l  pl4it«i,  and  thi?  tanibiiur  La  afTeetocl  by  the  preMura 

f  of  b  whicti  iH  atiuc-tied  X*^  it  on  the  cme  luLod.  mm  to  the  uptiifhtr  ia  oonoectioa  with  horlaciotal  c 

I  g,    CModiJied  Crom  Marvy's  im>trurai?ntj 


the  tambour,  and  this  may  be  made  to  write  on  a  recording  surface  (fig* 
173).  If  the  tube  attached  to  the  T  piece  be  closed  the  movements  of  inspira- 
tion  and  expiration  are  larger  than  if  it  were  closed.  The  alteration  of  the 
pressure  within  the  limgs  oti  in!*piration  and  expiration  ia  shown  by  the  move- 
ment of  the  column  of  air  in  the  trachea.  By  these  means  a  record  of  the 
respiratory  movements  may  be  obtained. 
I  Various  inetrmnenta  for  recording  the  movements  of  the  chest  by  applica- 
tion of  apparatus  to  the  exterior,  Bucti  is  the  stethometer  of  Burton  4Sander- 
son.  This  consists  of  a  frame  formed  of  two  parallel  steel  Imrs  joined  by  a 
third  at  one  end.  At  the  free  end  of  the  bars  is  attached  a  leather  strap,  by 
means  of  which  the  apparatus  may  be  Kuspcnded  from  the  neck.  Attached  to 
the  inner  end  of  one  bar  is  a  tambour  aod  ivory  button,  to  the  end  of  the 
other  an  ivory  button.  When  in  m^Q,  the  aptmratUB  is  suspended  with  the 
transverse  bar  jKxsteriorly,  the  button  of  tlie  tambtiur  is  placed  on  the  part  of 
the  chest  the  movement  of  which  it  is  desired  t**  record,  and   the  other  button 
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is  made  to  press  upon  the  corresponding  side  of  the  chest,  so  that  the  chest  is, 
as  it  were,  held  between  a  pair  of  calipers.  The  tambour  is  connected  bj 
tubing  and  a  T  piece  with  a  recording  tambour  of  Marey's,  and  with  a  ball, 
by  means  of  which  air  can  be  squeezed  into  the  cavity  of  the  tympanuiiL 
When  in  work  the  tube  connected  with  the  air  ball  is  shut  off  by  means  of  a 
screw  clamp.  The  movement  of  the  chest  is  thus  communicated  to  the  reoordiiig 
tambour. 

A  simpler  form  of  this  apparatus,  called  a  pneumograph  or  stethograph, 
consisting  of  a  thick  India-rubber  bag  of  elliptical  shape  about  three  inches 
long,  to  one  end  of  which  a  rigid  gutta-percha  tube  is  attached.  This  bag 
may  be  fixed  at  any  required  place  on  the  chest  by  means  of  a  strap  and  boi^Je. 
By  means  of  the  gutta-percha  tube  the  variations  of  the  presssure  of  air  in  the 


tCvnbonr. 


^be  to  eomma^ 
nioate  with  re- 
oofding  tun- 
boor. 


BaUtofUapfMi- 
xatoi  with  air. 


Fig.  215.  — Stethometer.    (Biirdon  Sanderson.) 


bag  produced  by  the  movements  of  the  chest  are  communicated  to  a  recording 
tambour.  This  apparatus  is  a  simplified  form  of  Marey's  pneumograph  (fig. 
214). 

The  variations  of  intrapleural  pressure  may  be  recorded  by  the  introducton 
of  a  canula  into  the  pleural  or  pericardial  cavity,  which  is  connected  with  a 
mercurial  manometer. 

Finally,  it  has  been  found  possible  in  various  ways  to  record  the  dia- 
phragmatic movements  by  the  insertion  of  an  elastic  bar  connected  with  a 
tambour  into  the  abdomen  below  it  (phrenog^ph) ,  by  the  insertion  of  needles 
into  different  parts  of  its  structure,  or  by  recording  the  contraction  of  isolated 
strips  of  the  diaphragm. 

The  acts  of  expansion  and  contraction  of  the  chest  take  up  under 
ordinary  circumstances  a  nearly  equal  time.    The  act  of  inspiring  air^ 
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however,  especially  in  women  and  children,  is  a  little  Bhorter  than  that 
of  expelling  it,  and  there  is  commonly  a  very  slight  pause  between  the 
end  of  expiration  and  the  beginning  of  the  next  inapinition.  The  res- 
piratory rhythm  may  be  thus  expressed : — 


Inspiration 
ETpinttion 


6 

7  or  8 


A  very  slight  pa\iM. 


If  the  ear  be  placed  in  contact  with  the  wall  of  the  chest,  or  be  sep- 
arated from  it  only  by  a  good  conductor  of  sound  or  stethoscope,  a  faint 
nspiratary  murmur  is  heard  during  inspiration.    This  sound  varies 


<■'■  '^  ■<  ^  "  *  "  '^  "<  ^  ■  ^  ^  ■■  ^  ^  *■"■'■■  ■ 

Pl|f.  216<— Tracing  of  the  normftl  diftphriijfni  reBpiratioDs  of  rahbiL    a,  with  quktk  mctvem^otot 
dnim.    6.  with  ftlow  movement,    j,  txkkpiration,  k,    expiration.     To  be  reiwl  from  left  to  rlghL 

Bomewhat  in  different  parts^ — being  loudest  or  coarsest  in  the  neighbor- 
hood of  the  trachea  and  large  bronchi  (tracheal  and  bronchial  breathing), 
and  fading  off  into  a  faint  sighing  as  the  ear  is  placed  at  a  distance  from 
these  (vesicular  breathing).  It  is  best  heard  in  children,  and  in  them 
a  faint  murmur  is  heard  in  expiration  also.  The  cause  of  the  vesicular 
murmur  has  received  various  explanations.  Most  observers  hold  that 
the  sound  is  produced  by  the  friction  of  the  air  against  the  walls  of  the 
alveoli  of  the  lungs  when  they  are  undergoing  distention  (Laennec, 
Skoda),  others  that  it  is  due  to  an  oscillation  of  the  current  of  air  as  it 
enters  the  alveoli  (Chauvean),  while  others  believe  that  the  sound  is 
produced  in  the  glottis,  but  that  it  is  modified  in  its  passage  to  the 
pulmonary  alveoli  (Bean,  Gee). 

Respiratory  movetmnU  of  ike  Nos(rih  and  of  the  QloUis, — During 
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the  action  of  the  muscles  which  directly  draw  air  into  the  chest,  those 
which  guard  the  opening  through  which  it  enters  are  not  passlTe.  In 
hurried  breathing  the  instinctive  dilatation  of  the  nostrils  is  well  wm^ 
although  under  ordinary  conditions  it  may  not  be  noticeable.  The 
opening  at  the  upper  part  of  the  larynx,  however,  or  rima  glottidiB,  ii 
dilated  at  each  inspiration  for  the  more  ready  passage  of  air,  and  be- 
comes smaller  at  each  expiration;  its  condition,  therefore,  corresponding 
during  respiration  with  that  of  the  walls  of  the  chest.  There  is  a  fur- 
ther likeness  between  the  two  acts  in  that,  under  ordinary  circmnstan- 
ces,  the  dilatation  of  the  rima  glottidis  is  a  muscular  act  and  its  contrac- 
tion chiefly  an  elastic  recoil;  although,  under  various  conditions  to  be 
hereafter  mentioned,  there  may  be  in  the  latter  considerable  mnsoukr 
power  exercised. 

Terms  used  to  express  Quantity  of  Air  breathed. — a.  Breath' 
ing  or  tidal  air,  is  the  quantity  of  air  which  is  habitually  and  almost 
uniformly  changed  in  each  act  of  breathing.  In  a  healthy  adult  man 
it  is  about  30  cubic  inches,  or  about  500  com.,  or  half  a  litre. 

b.  Complemental  air,  is  the  quantity  over  and  above  this  which  can 
be  drawn  into  the  lungs  in  the  deepest  inspiration;  its  amount  yaries, 
but  may  be  reckonded  as  100  cubic  inches,  or  about  1,600  com. 

c.  Reserve  air. — After  ordinary  expiration,  such  as  that  which  expels 
the  breathing  or  tidal  air,  a  certain  quantity  of  air,  about  100  cubic 
inches  (1,600  ccm.)  remains  in  the  lungs,  which  may  be  expelled  by  a 
forcible  and  deeper  expiration.  This  is  termed  reserve  or  supplemental 
air. 

d.  Residual  air  is  the  quantity  which  still  remains  in  the  lungs  after 
the  most  violent  expiratory  effort.  Its  amount  depends  in  great  meas- 
ure on  the  absolute  size  of  the  chest,  but  may  be  estimated  at  about  100 
cubic  inches,  or  about  1,600  ccm.  to  2,000  ccm. 

The  total  quantity  of  air  which  passes  into  and  out  of  the  lungs  of 
an  adult,  at  rest,  in  24  hours,  is  about  686,000  cubic  inches.  This  quan- 
tity, however,  is  largely  increased  by  exertion ;  the  average  amount  for 
a  hard-working  laborer  in  the  same  time  being  1,568,390  cubic  inches. 

e.  Respirator!/  Capacity, — The  greatest  respiratory  capacity  of  the 
chest  is  indicated  by  the  quantity  of  air  which  a  person  can  expel  from 
his  lungs  by  a  forcible  expiration  after  the  deepest  inspiration  possible; 
it  expresses  the  power  which  a  person  has  of  breathing  in  the  emergen- 
cies of  active  exercise,  violence,  and  disease.  The  average  capacity  of 
an  adult,  at  15.4*^  C.  (60°  F.),  is  about  225  to  250  cubic  inches,  or  3,500 
to  4,000  ccm. 

The  respiratory  capacity,  or  as  John  Hutchinson  called  it,  vital  capacity, 
is  usually  measured  by  a  modified  gasometer  or  spirometer,  into  which  the 
experimenter  breathes,— making  the  most  prolonged  expiration  possible  after 
the  deepest  possible  inspiration.     The  quantity  of  air  which  is  tiius  expelleii 
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|h3m  the  lungd  Lh  iudicatetl  by  the  height  to  which  the  air  chamber  of  the 
b|>iToineter  rises  ;  and  by  means  of  a  scale  placecl  in  cotmectiou  with  this,  the 
liumber  of  cubic  inches  is  read  olT. 

In  heal  thy  men,  the  respiratory  capacity  varies  chiefly  with  the 
Stature,  weight,  and  age. 

It  was  found  by  Hutehiiison,  from  whom  most  of  our  iiifonnuiiou 
ion  thia  subject  is  derived,  that  at  a  tempemture  of  15.4''  C,  {HO'^  F,), 
J225  cubic  inches  is  the  average  vital  or  respiratoj-y  capacity  of  a  healthy 
beraoDy  five  feet  seven  inches  in  height. 

Circ»vi»tances  affveting  the  amount  of  respiratory  c(i}Micity.—FoT  every  inch 
of  height  above  this  standard  the  capacity  is  increased,  on  an  average,  by  eight 
inches  .  and  for  every  inch  below,  it  ia  diminisheil  by  the  same  amount. 

Tlie  influence  of  ireight  on  the  capacity'  of  respiration  is  less  manifest  and 
considerable  tlmn  that  of  height:  and  it  is  dithenh  to  arrive  at  any  definite 
conoluj^ionfl  on  this  point.  l>ec'ause  the  natural  avenij^e  %veight  of  a  healthy 
nian  in  relation  to  stature  has  not  yet  been  detenu ined.  As  a  general  st^ite- 
ment,  however,  it  may  be  said  that  the  Ctipacity  of  respiration  is  not  afiFoctetl 
by  weights*  under  UU  poumls,  or  Il|  istanee  ;  but  that,  alxwe  thiJ*  jRiiut,  it  is 
diminished  at  the  rate  of  one  cubic  inch  for  every  additional  pound  up  to  196 
pounds  or  14  stones. 

By  age,  the  eafmeity  apj»ears  to  be  increased  from  about  the  fifteenth  to  the 
thirty-fifth  year,  at  the  rate  of  five  cubic  inches  f>er  year;  from  thirtj^-Jive  to 
alrty-ftve  it  diminishes  at  the  rate  of  abtiut  one  and  a  half  cubic  inch  i*eT  yeai* ; 
BO  that  the  capacity  of  respiration  of  a  man  of  sixty  years  old  would  lie  about 
80  cubic  inches  letis  than  that  of  a  man  of  forty  years  old,  of  tlie  same  height 
antl  weight.     (John  Uutchinson.j 

The  number  of  respirations  in  a  healthy  adult  person  usually  ranges 
from  H  to  18  per  minute.  It  is  greater  in  infancy  atid  childhood*  It 
Taries  also  much  according  to  different  circumstances^  such  as  exercise 
or  rest,  health,  or  disease,  etc*  Variations  in  the  number  of  respirations. 
correBpond  ordinarily  with  eimihir  variations  iu  the  pulsutionH  of  the 
lieart.  In  health  the  proportion  is  about  1  to  4,  or  1  to  5,  and  when  the 
rapidity  of  the  heart's  action  is  increased,  that  of  the  chest  movement  is 
commonly  increased  also;  but  not  in  every  case  in  equal  proportion.  It 
happens  occasionally  in  disease,  especially  of  the  lungs  or  air-passages, 
that  the  number  of  rcspirator^i  acts  increases  in  quicker  proportion  than 
the  beats  of  tlie;^«/.?<^;  and,  in  other  affections,  much  more  commonly^ 
that  the  number  of  the  pukes  is  greater  in  proportion  than  that  of  the 
respirations. 

The  Force  of  Impiraiory  and  E^piratnrif  Mnsvlea, — The  force  with 
which  the  inspiratory  nruscleB  are  capable  of  acting  i^  greatest  in  indi- 
viduals of  the  height  of  from  five  feet  seven  inches  to  five  feet  eight 
inches,  and  will  elevate  a  column  of  three  inches  of  mercury.  Abovo 
this  height  the  force  decreases  os  the  stature  increases;  so  that  the  aver- 
iige  of  men  of  six  feet  can  elevate  only  about  two  and  a  half  inches  of 
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mercury.  The  force  manifested  in  the  strongest  expiratory  acts  is,  on 
the  average^  one-third  greater  than  that  exercised  in  inspiration.  But 
this  difference  is  in  great  measure  due  to  the  power  exerted  by  the 
elastic  reaction  of  the  walls  of  the  chest;  and  it  is  also  much  influenced 
by  the  disproportionate  strength  which  the  expiratory  muscles  attain, 
from  their  being  called  into  use  for  other  purposes  than  that  of  simple 
expiration.  The  force  of  the  inspiratory  act  is,  therefore,  better  adapted 
than  that  of  the  expiratory  for  testing  the  muscular  strength  of  the 
body.     (John  Hutchinson.) 

The  instrument  used  by  Hutchinson  to  gauge  the  inspiratory  and  expiratoiy 
power  was  a  mercurial  manometer,  to  which  was  attached  a  tube  fitting  the 
nostrils,  and  through  which  the  inspiratory  or  expiratory  effort  was  made. 
The  following  table  represents  the  results  of  numerous  experiments : 

Power  of  Power  of 

Inspiratory  Muscles.  Elxpiratory  Muscles. 

1.5  in Weak  .         .     2.0  in. 

2.0  "  .  .  Ordinary  .        .         2.0  ** 

2.5  "...         .     Strong  .  .     8.5  - 

8.5  "   .         .  .  Very  strong     .  .         .  4.5  " 

4.5  •*  .  .    Remarkable         .         .         .     7.0  " 

6.5  "  .  Very  remarkable  .         5.8  ** 

6.0  **        .  .     Extraordinary     .  .     8.5  ** 

7.0  *•   .  Very  extraordinary  10.0  ** 

The  greater  part  of  the  force  exerted  in  deep  inspiration  is  employed 
in  overcoming  the  resistance  offered  by  the  elasticity  of  the  lungs. 

The  amount  of  this  elastic  resistance  was  estimated  by  observing  the  eleva- 
tion of  a  column  of  mercury  raised  by  the  return  of  air  forced,  after  death, 
into  the  lungs,  in  quantity  equal  to  the  known  capacity  of  respiration  during 
life ;  and  Hutchinson  calculated,  according  to  the  well-known  hydrostatic  law 
of  equality  of  pressures  (as  shown  in  theBramah  press),  that  the  total  force  to 
be  overcome  by  the  muscles  in  the  act  of  inspiring  200  cubic  inches  of  air  is 
more  than  450  lbs. 

The  elastic  force  overcome  in  ordinary  inspiration  is,  according  to  the  same 
authority,  equal  to  about  170  lbs. 

Douglas  Powell  has  shown  that  within  the  limits  of  ordinary  tran- 
quil respiration  the  elastic  resilience  of  the  walls  of  the  chest  favors  in- 
spiration ;  and  that  it  is  only  in  deep  inspiration  that  the  ribs  and  rib- 
cartilages  offer  an  opposing  force  to  their  dilatation.  In  other  words, 
the  elastic  resilience  of  the  lungs,  at  the  end  of  an  act  of  ordinary 
breathing,  has  drawn  the  chest-walls  within  the  limits  of  their  normal 
degree  of  expansion.  Under  all  circumstances,  of  course,  the  elastic 
tissue  of  the  lungs  opposes  inspiration  and  favors  expiration. 

It  is  possible  that  the  contractile  power  which  the  bronchial  tubes 
and  air-vesicles  possess,  by  means  of  their  w  macular  fibres  may  (1)  assist 
in  expiration;  but  it  is  more  likely  that  its  chief  purpose  is  (2)  to  regu- 
late and  adapt,  in  some  measure,  the  quantity  of  air  admitted  to  the 
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igs,  aud  to  each  part  of  them,  uccording  to  the  supply  of  blood;  (3) 
the  mascalar  tissue  contracts  upon  and  gradually  expels  collections  of 
mucns,  which  may  have  accuniulnted  within  the  tubes,  and  which  cannot 
be  ejected  by  forced  expiratory  ellorts,  owing  to  collapse  or  other  mor- 
bid conditions  of  the  portion  of  lung  connected  with  the  obstructed 
I  tubes  (Gnirdner).  (4)  Apart  from  any  of  the  before-mentioned  fune- 
tioti«,  the  presence  of  musciiLir  fibre  in  the  walls  of  a  hollow*  \iscus, 
such  as  a  lung,  is  only  what  might  he  expected  from  analogy  with  other 
organs.  Subject  as  the  lungs  are  to  such  great  variation  in  size,  it 
might  be  anticipated  that  the  elastic  tissue,  which  enters  so  largely  into 
their  oomposition,  would  he  supplemented  by  the  presence  of  much 
muscular  fibre  also. 


Respiratory  Changes  in  the  Air  Breathed. 


^^^fBtm^pOmtion  of  the  Aimosph^re, — The  atmosphere  we  breathe  has,  in 
every  situation  in  which  it  has  been  examined  in  its  natural  state,  a 
nearly  uniform  composition.  It  is  a  mixture  of  oxygen,  nitrogen,  car- 
bon dioxide,  and  watery  vapor,  with,  commonly,  traces  of  other  gases, 
as  ammonia,  sulphuretted  hydrogen,  etc.  Of  every  100  volumes  of  pure 
atmospheric  air,  79  volumes  {on  an  average)  consist  of  nitrogen,  the  re- 
maining 21  of  oxygen.  By  weight  the  proportion  is  N.  77,  0.  23*  The 
proportion  of  ciirbon  dioxide  is  extremely  snndl;    10,000  volumes  of 

i  atmospheric  air  contain  only  about  4  or  5  of  that  gas. 
The  quantity  of  watery  vapor  varies  greatly  according  to  the  temper- 
ature and  other  circumstances,  but  the  atmosphere  is  never  without 
«ome.     In  this  country,  the  average  quantity  of  watery  vapor  in  the  at- 
mosphere is  1.40  per  cent. 

Composition  ftf  Air  which  has  f^ee?}  breafheth-^The  changes  effected 
by  respiration  in  the  atmospheric  air  are;  1,  an  increase  of  temperature; 
2,  an  increase  in  the  quantity  of  carbonic  acid;  3,  a  diminution  in  the 
quantity  of  oxygen;  4,  a  diminution  of  volume;  5,  an  increase  in  the 
amount  of  watery  vapor;  (J,  the  addition  of  a  minute  amount  of  organic 
K  matter  and  of  free  ammonia. 

"  1-  The  expired  air,  heated  hy  its  contact  with  the  interior  of  the 
lungSi  u  (at  least  in  most  climates)  hoifer  than  the  inspired  ain  Its 
temperature  varies  bet^veen  36^^—37.5^  C.  (97^^  and  OO-S"*  F.),  the  lower 
temperature  being  observed  wdien  the  air  has  remained  but  a  short  time 
in  the  lungs.  Whatever  may  be  the  temperature  of  the  air  when  in- 
haled, it  acquires  nearly  that  of  the  blood  before  it  is  expelled  from  the 
ohest. 

Ths  Carbonic  dioxide  is  iticremed;  but  the  quantity  exhaled  in  a 

iven  time  is  subject  to  change  from  various   circumstances.      From 

Bvery  volume  of  air  inspired,  about  4.8  per  cent  of  oxygen  is  abstracted; 
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while  a  rather  smaller  quantity,  4.3  of  carbon  dioxide  is  added  in  its 
place:  the  expired  air  will  contain,  therefore,  434  toIb.  of  carbon  dioxide 
in  10,000.  The  quantity  of  carbon  dioxide  exhaled  into  the  air  breathed 
by  a  healthy  adult  man,  calculating  that  22  ccm.  of  the  500  ecm.  of  the 
air  breathed  out  at  each  expiration  consists  of  carbon  dioxide,  and  that 
the  rate  of  respiration  is  on  an  average  16,  the  total  amount  would  be 
about  506  litres  in  the  24  hours.  From  actual  experiment  this  amouDt 
seems  to  be  too  high,  since  from  the  average  of  many  investigations  the 
total  amount  of  carbon  dioxide  excreted  per  diem  has  been  found  to  be 
about  400  litres,  weighing  800  grms.,  consisting  of  218  grms.  of  0.,  and 
582  grms.  of  0.  From  this  has  to  be  deducted  about  10  grms.  excreted  in 
any  other  way  than  by  the  lungs,  it  leaves  about  215  grms.  as  the  amount 
of  C.  excreted  by  the  average  healthy  man  by  respiration  each  day  and 
night,  that  is  about  7  oz.,  about  half  a  pound.  These  quantities  must 
be  considered  approximate  only,  inasmuch  ab  various  circumstances,  even 
in  health,  influence  the  amount  of  carbon  dioxide  excreted,  and,  correls- 
tively,  the  amount  of  oxygen  absorbed. 

Circumstances  influencing  the  amount  of  carbon  dioxide  excreted. — a.  Age 
and  Sex. — The  quantity  of  carbon  dioxide  exhaled  into  the  air  breatlied  by 
males,  regularly  increases  from  8  to  30  years  of  age :  from  80  to  50  the  quantity, 
after  remaining  stationary  for  a  while,  gradually  diminishes,  and  from  50  to 
extreme  age  it  goes  on  diminishing,  till  it  scarcely  exceeds  tlie  quantity  ex- 
haled at  ten  years  old.  In  females  (in  wliom  the  quantity  exhaled  is  always 
less  than  in  males  of  the  same  age)  the  same  regular  increase  in  quantity  goes 
on  from  the  8th  year  to  the  age  of  puberty,  when  the  quantity  abruptly  ceases 
to  increase,  and  remains  stationary  so  long  as  they  continue  to  menstruate. 
When  menstruation  has  ceased,  it  soon  decreases  at  the  same  rate  as  it  does  in 
old  men. 

/).  Respiratoi^  Movements. — The  quicker  the  respirations,  the  smaller  is  the 
proportionate  quantity  of  carbon  dioxide  contained  in  each  volume  of  the  expired 
air.  Although  the  proiK>rtionate  quantity  of  carl)on  dioxide  is  thus  diminished, 
the  absolute  amount  exhaled  within  a  given  time  is  increased  thereby,  owing  to 
the  larger  quantity  of  air  which  is  breathed  in  the  time.  The  last  half  of  a  vol- 
ume of  expired  air  contains  more  carlx>nic  acid  than  the  half  first  expired ;  a 
circumstance  which  is  explained  by  the  one  i>ortion  of  air  coming  from  the 
remote  jmrt  of  the  lungs,  where  it  has  been  in  more  immediate  and  prolonged 
contact  with  the  bloo<i  than  the  other  has.  which  comes  chiefly  from  the  larger 
bronchial  tub€»s. 

c.  Kvtemal  temperature. — Tlie  observation  made  by  Vierordt  at  various 
temperatures  between  3.4^ — 23.8'  C.  (38"  F.  and  75'  F.)  show,  for  warm-blooded 
animals,  that  within  this  range,  ever>'  rise  ei^ual  to  5.5"  C.  (10**  F.)  causes  a 
diminution  of  about  33  ccm.  (2  cubic  inches)  in  tlie  quantity  of  carbonic  acid 
exhaled  per  minute. 

d.  Season  of  the  Year. — The  season  of  the  year,  independently  of  tempera- 
ture, materially  influences  the  respiratory  phenomena ;  spring  being  the  season 
of  the  greatest,  and  autumn  of  the  least  activity  of  the  respiratory  and  other 
functions. 

€.  Purity  of  the  Respired  Air.— The  average  quantity   of  carboii  dioxide 
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iKlieu  out  by  the  lungs  constituteu  about  4.3  per  cent,  of  the  expired  air;  but 
if  the  air  which  is  breatlitrl  be  previously  ii]ipregnate<l  with  carb<:ni  dioxide 
(as  lA  the  case  when  tJie  same  air  is  fre<|yentiy  respired k  then  the  quantity  of 
carbon  dioxide  exhaletl  bfcunies  reiaii%'ely  iinieh  less. 

/-  Hfigrometrie  State  of  Atmostphen'.^ThL'  amount  of  carbon  dioxide  exhale<l 
is  considerably  inftueneed  by  the  degrt^^  of  moibture  of  the  atmosphere,  much 
more  being  giren  off  when  the  air  is  moist  than  when  it  is  dry. 

g.  Period  of  the  Ai^^.— During  the  day^tinie  more  earLton  ditixide  is  exhaled 
titan  corre8p<inds  to  the  oxygen  absorbed  ;  vrhi(e,  un  the  other  hand,  at  night 
verj*  much  more  oxygen  is  absorbed  than  is  exhaled  in  carbon  dioxide.  There  is. 
thus,  a  reserve  fund  of  oxygen  absorbed  by  night  to  meet  the  requirement*  of  the 
day.  If  the  tutal  (|imtjtity  k4  carlHin  ditixide  exhaled  in  24  houri*  Ix'  repre- 
sented by  lfX>,  52  parta  an>  exhaled  during  the  day,  and  48  at  night.  While 
simihirly.  33  parts  of  the  oxygen  are  absorbed  during  the  day,  and  the  remain- 
ing 67  by  night. 

A.  FfMxi  ami  Drink.— Uy  the  u.'ie  of  ffKxl   the  tjuantity  ia   increa>sed,  while 
by  fasting  it  is  diniiniBhed  ;    it  is  greater  wlien  animals  are  led  on  farinaceous 
food  than  when  fed  on  meat.     The  etTects   proflyced  by  8{>irituotm  drinks  de- 
pend mucii  on  the  kind  of  drink  taken.     Pure  alcohol   tentle  rather  to  increase 
[ttiaD  to  lessen  respiratory  changes,  and  the  amount  therefore  of  carbon  dioxide 
lexpiretl ;  rum.  ale,  and  pc»rter.  also  sherrj'.  have  very  similar  effects.     On  the 
[Other  hand,  bran<iy,  whiskey,  and  gin,  particularly  the  latter,   almost  always 
ened  the  respiratory  changes,   and   coniw^quently  tlie  amount  of   the  gaa 

t.  Exercise. — Bc^dily  exercise,  in  moderation,  increases  the  quantity  to  about 
\%  more  than  it  is  during  rest;  and  for  about  an  hour  after  exercise  the  volume 
kof  the  air  expired  in  the  minute  is  incre^i-s^Hl  nearly  2,(KKJ  ocm.,  or  Ul*  cubic 
rtnchee:  and  the  quantity  of  carJxjn  dioxide  about  125  ccm.,  or  7.8  cubic  inches 
[per  minute.  Violent  exercise,  such  as  full  labor  ou  the  tread-wheel.  stiU  fur- 
ther increases  the  amount  of  llie  aciil  exhaled. 

A  larger  quantity  is  exhaled  when  the  barometer  is  low  than  when  it  is 
high. 

3,  The  oxt/f^en  in  dimitiiJihftf,  and  its  diminution  Is  generally  propor- 
tionate to  the  increase  of  the  carbon  dioxide.     For  every  volume  of  car- 

Ibon  dio^cide  exhaled  into  the  air,  1.17421  volumes  of  oxygen  are  absorbed 
from  it,  from  the  result  of  the  experiments  to  estimato  the  carbon  diox* 
ide  exlialed  and  the  oxygen  absorbed,  it  was  found  that  while  about  575 
grms.  of  oxygen  appeared  in  the  I'Uj  exhaled,  700  grms,  disappeareO 
from  the  inspired  ain 

4.  The  volume  of  air  is  diminished  (allowance  being  made  for  the  ex- 
pansion in  being  heated),  the  lose  being  due  to  a  portion  of  oxygen  ab- 
sorbetl  and  not  returned  in  the  exhaled  carbonic  acid,  all  observers  agree, 
though  as  to  the  actual  qtnuitity  of  oxygen  so  absorbed,  tiiey  differ  even 
widtdy.  The  amount  of  oxygen  absorbed  is  on  an  average  4.8  per  cent, 
so  that  the  expired  air  contains  (5.2  voltimes  per  cent  of  that  gas.  The 
quantity  of  oxygen  that  does  not  combine  with  the  carbon  given  off  in 
carbonic  acid  from  the  lungs  is  probably  disposed  of  in  forming  some 
of  the  carbonic  acid  and  water  given  off  from  the  skin,  and  in  combining 
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with  sulphur  and  phosphorus  to  form  part  of  the  acids  of  the  Bulphates 
and  phosphates  excreted  in  the  urine,  and  probably  also,  with  the  nitro- 
gen of  the  decomposing  nitrogenous  tissues. 

The  quantity  of  oxygen  in  the  atmosphere  surrounding  animals,  ap- 
pears to  have  very  little  influence  on  the  amount  of  this  gas  absorbed  by 
them,  for  the  quantity  consumed  is  not  greater  even  though  an  excess 
of  oxygen  be  added  to  the  atmosphere  experimented  with. 

It  has  often  been  discussed  whether  Nitrogen  is  absorbed  by  or  ex- 
haled from  the  lungs  during  respiration.  At  present,  all  that  can  be 
said  on  the  subject  is  that,  under  most  circumstances,  animals  appear 
to  expire  a  very  small  quantity  above  that  which  exists  in  the  inspired 
air.  During  prolonged  fasting,  on  the  contrary,  a  small  quantity  appears 
to  be  absorbed. 

5.  The  watery  vapor  is  increased, — The  quantity  emitted  is,  as  a 
general  rule,  sufficient  to  saturate  the  expired  air,  or  very  nearly  so. 
Its  absolute  amount  is,  therefore,  influenced  by  the  following  circum- 
stances, (1),  by  the  quantity  of  air  respired;  for  the  greater  this  is,  the 
greater  also  will  be  the  quantity  of  moisture  exhaled;  (2),  by  the  quan- 
tity of  watery  vapor  contained  in  the  air  previous  to  its  being  inspired; 
because  the  greater  this  is,  the  less  will  be  the  amount  to  complete  the 
saturation  of  the  air;  (3),  by  the  tempeniture  of  the  expired  air;  for 
the  higher  this  is,  the  greater  will  be  the  quantity  of  watery  vapor  re- 
quired to  saturate  the  air;  (4),  by  the  length  of  time  which  each  volume 
of  inspired  air  is  allowed  to  remain  in  the  lungs;  for  althoagh,  during 
ordinary  respiration,  the  expired  air  is  always  Siiturated  with  watery 
vapor,  yet  when  respiration  is  performed  very  rapidly  the  air  has  scarcely 
time  to  be  raised  to  the  highest  temperature,  or  be  fully  charged  with 
moisture  ere  it  is  expelled. 

The  quantity  of  water  exhaled  from  the  lungs  in  twenty-four  hours 
ranges  (according  to  the  various  modifying  circumstances  already  men- 
tioned) from  about  0  to  27  ounces,  the  ordinary  quantity  being  about  9 
or  10  ounces.  Some  of  this  is  probably  formed  by  the  chemical  com- 
bination of  oxygen  with  hydrogen  in  the  system;  but  the  far  larger 
proportion  of  it  is  water  which  has  been  absorbed,  as  such,  into  the 
blood  from  the  alimentary  canal,  and  which  is  exhaled  from  the  surface 
of  the  air-passages  and  cells,  as  it  is  from  the  free  surfaces  of  all  moist 
animal  membranes,  particularly  at  the  high  temperature  of  warm-blooded 
animals. 

0.  A  small  quantity  of  ammonia  is  added  to  the  ordinary  constitu- 
ents of  expired  air.  It  seems  probable,  however,  both  from  the  fact  that 
this  substance  cannot  be  always  detected,  and  from  its  minute  amount 
when  present,  that  the  whole  of  it  may  be  derived  from  decomposhig 
particles  of  food  left  in  the  mouth,  or  from  carious  teeth  or  the  like; 
and  that  it  is,  therefore,  only  an  accidental  constituent  of  expired  air. 
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.  The  quantity  of  organic  matter  in  the  breath  is  increased.  It  is 
dae  to  the  presence  of  this  organic  matter  that  air  containing  the  prod- 
uctfl  of  respiration  is  more  injurious  than  it  might  be  expected  to  be 
from  the  amount  of  CO-  it  contains.  The  condensed  ac|neou8  vapor  is 
foand  soon  to  decompose  and  to  contain  substances  which  are  of  a 
poisonous  nature. 

Meihoflof  Krpmmef*f .  — The  following  represeots  the  kind  of  experiment  by 
which  the  foregoing  facta  reganliiii^  the  t^jccretiuii  of  carbonic  aciil,  watery  and 
Ofiganic  matter,  have  been  e«Uiblished, 

A  hirtj  or  niouae  is  placed  iu  a  large  bottle,  through  the  stopper  of  which 
two  tubesi  ]>a3C4,  one  to  supply  frewh  air,  and  the  other  to  carry  off  that  which 
has  been  expired.  Before  entering  the  liottle,  tlie  air  is  made  tt»  halible  through 
a  sitrong  solution  of  caustic  potash,  wliich  absorbs  the  carbonic  acid,  iind  then 
thruugh  liijie- water,  which,  by  reraaining  limpid,  proves  the  absjence  of  car- 
bonic acid-  Tlie  air  which  has  l>eeu  breathed  by  the  animal  i«  made  t<»  bubble 
through  lime-water,  which  at  once  becomes  turbid  and  soon  quite  milky  from 
the  precipitation  of  cnk  jtim  carbonate  ;  and  it  linally  passes  tlirough  atrong 
flulphuric  acid,  which,  by  turning  brown,  indicateK  the  presjence  of  cjrganic 
matter.  Tlie  watery  vapor  in  the  expired  air  will  condense^  inside  the  Inittle  if 
tlie  surface  l>e  kept  cwd.  By  meatia  of  an  appamtus  sufficiently  large  and  well- 
cxmstnicted,  expt^Jimentn  of  the  kind  have  l>een  made  exteDsively  on  man. 

'  How  the  Changes  in  ike  Air  are  effected. — ^The  method  by  which 
fresh  air  is  inhnled  and  expelled  from  the  lungs  has  been  expkinod. 
It  remains  to  consider  how  it  is  that  tho  blood  absorbs  oxygen  from, 
and  gi%e8  up  carbonic  Mcid  to,  the  air  of  the  alveoli,  lii  the  first  place, 
it  must  be  remembered  tluit  the  tidal  air  only  amounts  to  about  25 — 30 
cubic  inches  (about  500  <?cm.)  at  each  inspiration,  and  that  this  is  of 
course  insutticient  to  till  the  lungs,  but  it  mixes  with  the  stationary  air 
by  diJfNston,  and  so  supplies  to  it  new  oxygen.  The  amount  of  oxygen 
in  expired  air,  whii^h  may  be  taken  as  the  average  composition  of  the 
mixed  air  in  the  lungs,  is  nboot  IG  to  IT  per  cent;  in  the  pulmonary 
alveoli  it  may  bo  rather  less  than  this.  From  this  air  the  venous  blood 
has  to  take  up  oxygen  in  the  proportion  of  8  to  1'^  vols,  per  cent  of 
blood,  aa  the  difference  between  the  amount  of  oxygen  in  arterial  and 
venous  blood  is  no  less*  It  eeenis  therefore  somewhat  difficult  to  under- 
stand how  this  can  be  accomplished  at  the  low  purtial  pressure  of  oxygen 
in  the  pulmonary  air.  But  as  was  pointed  out  in  a  previous  Chapter 
(IV.)>  the  oxygen  is  not  sittiply  dissolved  in  the  blood,  but  is  to  a  great 
extent  chemically  combined  with  the  heBmoglobin  of  the  red  corpuscles; 
and  when  a  fluid  contains  n  body  which  enters  into  loose  chemical  com- 
bination in  this  way  with  a  gas,  the  tension  of  the  gas  in  the  fluid  is 
not  directly  proportional  to  the  total  qujintity  of  the  gm  taken  up  by 
the  fluid,  but  to  the  excess  above  the  total  quantity  which  the  substance 
dissolved  in  the  fluid  is  capable  of  taking  up  (a  known  quantity  iu  the 
case  of  haemoglobin*  viz.,  1.5U  cm,  for  1  gxm.  beemoglobin).     On  the 


264  HANDBOOK   OF   PHYSIOLOGY. 

other  handy  if  the  substance  be  not  saturated,  ue.,  if  it  be  not  combined 
with  as  much  of  the  gas  as  it  is  capable  of  taking  up,  farther  combina* 
tion  leads  to  no  increase  of  its  tension.  However,  there  is  a  point  at 
which  the  haemoglobin  gives  up  its  oxygen  when  it  is  exposed  to  a 
low  partial  pressure  of  oxygen,  and  there  is  also  a  point  at  which  it 
neither  takes  up  nor  gives  out  oxygen;  in  the  case  of  arterial  blood  of 
the  dog,  this  is  found  to  be  when  the  oxygen  tension  of  the  atmosphere 
is  equal  to  3.9  per  cent  (or  29.6  mm.  of  mercury),  which  is  equivalent 
to  saying  that  the  oxygen  tension  of  arterial  blood  is  3.9  percent;  venous 
blood,  in  a  similar  manner,  has  been  found  to  have  an  oxygen  tension  of 
2.8  per  cent.  At  a  higher  temperature,  the  tension  is  raised,  as  there  ia 
a  greater  tendency  at  a  high  temperature  for  the  chemical  compound  to 
undergo  dissociation.  It  is  therefore  easy  to  see  that  the  oxygen  tension 
of  the  air  of  the  pulmonary  alveoli  is  quite  sufficient,  even  supposing  it 
much  less  than  that  of  the  expired  air,  to  enable  the  venous  blood  to 
take  up  oxygen,  and  what  is  more,  it  will  take  it  up  until  the  hsmo- 
globin  is  very  nearly  saturated  with  the  gas. 

As  regards  the  elimination  of  carbon  dioxide  from  the  blood,  there 
is  evidence  to  show  that  it  is  given  up  by  a  process  of  simple  diffusion, 
the  only  condition  necessary  for  the  process  being  that  the  tension  of 
the  carbonic  acid  of  the  air  in  the  pulmonary  alveoli  should  be  less  than 
the  tension  of  the  carbonic  acid  in  venous  blood.  The  carbonic  acid 
tension  of  the  alveolar  air  probably  does  not  exceed  (in  the  dog)  3  or  4 
per  cent,  while  that  of  the  venous  blood  is  5.4  per  cent,  or  equal  to  41 
mm.  of  mercury. 

Respiratory  Changes  in  the  Blood. 

Circulation  of  Blood  ifi  the  Respiratory  Organs. — To  be  exposed  to 
the  air  thus  alternately  moved  into  and  out  of  the  air-cells  and  minute 
bronchial  tubes,  the  blood  is  propelled  from  the  right  ventricle  through 
the  pulmonary  capillaries  in  steady  streams,  and  slowly  enough  to  per- 
mit every  minute  portion  of  it  to  be  for  a  few  seconds  exposed  to  the 
air,  with  only  the  thin  walls  of  the  capillary  vessels  and  the  air-cella 
intervening.  The  pulmonary  circulation  is  of  the  simplest  kind:  for 
the  pulmonary  artery  branches  regularly;  its  successive  branches  run  in 
straight  lines,  and  do  not  anastomose:  the  capillary  plexus  is  uniformly 
spread  over  the  air-cells  and  intercellular  passages;  and  the  veins  de- 
rived from  it  proceed  in  a  course  as  simple  and  uniform  as  that  of  the 
arteries,  their  branches  converging  but  not  anastomosing.  The  veins 
have  no  valves,  or  only  small  imperfect  ones  prolonged  from  their  angles 
of  junction,  and  incapable  of  closing  the  orifice  of  either  of  the  veins 
between  which  they  are  placed.  The  pulmonary  circulation  also  is  un- 
affected by  changes  of  atmospheric  pressure,  and  is  not  exposed  to  the 
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influence  of  the  pressure  of  niiascles:  the  force  by  which  it  is  accom- 
plished, and  the  coarse  of  the  blood  are  alike  simple. 

Chatifjrs  in  (ht*  lilfmfL — The  most  obvious  chiuige  which  the  blood  of 
Ihe  pulmonary  artery  undergoeg  in  its  passage  through  the  lungs  is  Lv/, 
that  of  t'olof\  the  dark  crimBou  of  venous  blood  being  exchanged  fur  the 
bright  scarlet  of  arterial  blood.  The  cause  of  this  has  been  already 
fthowM  to  be  that  the  arterial  blood  contaius  a  greater  qirautity  of  6ci*rlei 
or  oxyhtemoglobin;  3'/,  and  in  connection  with  the  preceding  change  H 
gaini^  oxifffen  :  3^/,  it  fosf\s  carhon  tHoxidv,  It  was  ineitlen tally  mentioned 
in  the  Chapter  on  the  Blood  that  the  carbon  dioxide  which  is  carried 
by  the  blood  to  be  eliminated  by  the  lungs  is  not  simply  dissolved  in 
the  plasma.  It  is  combined  with  some  substance  in  the  blood,  and 
when  it  is  carried  to  the  lungs  this  substance  must  undergo  decomposi- 
tion. What  is  the  nature  of  the  compound  it  forma  is  not  known,  but 
it  appe^irs  most  likely  that  tlie  gas  is  combined  in  the  plasma  with  the 
sodium  carbonate  which  it  contains.  It  has  idso  been  suggested  tiiat  as 
the  carbon  dioxide  of  the  entire  blood  is  more  easily  given  up  to  the 
Tacunra  of  a  mercurial  air-pump  than  is  the  gas  of  the  serum  correspond- 
ing to  the  blood  taken,  that  the  corpuscles  of  the  blood  exercise  some 
power  in  promoting  the  decomposition  of  the  substance  with  which  the 
pis  is  combined  in  the  plasma.  The  plasma  or  serum  will  not  give  up 
the  whole  of  its  carbon  dioxide  until  the  addition  of  an  acid,  when  the 
last  portion,  2  to  5  per  cent,  comes  off,  the  entire  blood  gives  up  the 
whole  of  its  carbon  dioxide  to  the  action  of  the  merenrial  pump,  and 
does  not  require  the  action  of  an  acid.  It  may  be  mentioned  that,  ac- 
cording to  some,  the  carbon  dioxide  is  coisibined  with  jjroteid,  either  in 
the  plasma  or  in  the  red  blood-corpuscles;  4///,  it  becomes  sUghilif 
cooler;  bth^  it  cuagulafes  sooner  and  more  Jirmii/f  apparently  containing 
more  fibrin.  The  oxygen  absorbed  into  the  blood  from  the  atmospbiric 
air  in  the  lungs  is  combined  chemically  with  the  hsemoglobio  of  the 
red  blood -corpuscles.  In  this  condition  it  is  carried  in  the  arterial  blood 
to  the  various  parts  of  the  body,  and  brought  into  near  relation  or  con- 
tact with  the  tissues.  In  these  tissues,  a  certain  portion  of  the  oxygen, 
irhich  the  arterial  blood  contains,  disappearB,  and  a  proportionate  quan- 
tity of  carbon  dioxide  and  water  is  formed.  The  venous  blood,  contain- 
ing the  new-formed  carbon  dioxide,  returns  to  the  lungs,  where  a  portion 
of  thec4irbon  dioxide  is  exhaled,  and  a  fresh  supply  of  oxygen  is  taken  in» 

In  what  way  these  changes  are  brought  about  w^ill  be  next  discussed. 


Respiratory  Chani^es  in  the  Tissues. 


f  Tbe  changes  which  occur  in  the  composition  of  the  blood  during  its 
circulation  are  believed  to  take  place  in  the  tissues,  and  particularly  in 
the  muscles*     The  changes  are,  us  we  have  just  mentioned,  chiefly  tbe 
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removal  of  oxygen  from  and  the  addition  of  carbon  dioxide  to  the  blood. 
These  changes  are  sometimes  spoken  of  as  internal  respiration.  The 
oxygen  carried  by  the  corpuscles  of  the  blood  in  the  form  of  oxyhaemo- 
globin  is  given  up  to  the  tissues,  us  the  tension  of  the  gas  within  them 
is  very  small.  The  gas  thus  set  free  is  apparently  seized  upon  by  the 
protoplasm  of  the  tissues  and  built  up  into  its  molecule,  and  thus  assists 
in  the  process  of  anabolism,  possibly  uniting  with  some  compound 
somewhat  in  the  same  manner  but  more  firmly  than  it  does  with  haemo- 
globin. The  low  oxygen  pressure  of  the  tissues  thus  allows  a  constant 
abstraction  of  the  giis  from  the  blood.  The  process  of  katabolism,  or 
breaking  down,  is  always  associated  with  the  evolution  of  carbon  diox- 
ide, so  that  as  the  blood  passes  through  the  tissues  containing  little  of 
this  gas,  the  high  tension  of  the  gas  in  the  tissues  permits  of  its  passage 
into  the  blood.  It  has  been  proved  that  the  process  of  the  evolution  of 
carbon  dioxide  from  living  muscle  will  go  on  for  a  time  in  the  absence 
of  a  supply  of  free  oxygen,  and  so  it  is  clear  that  the  former  gas  is  not 
derived  directly  from  the  combustion  of  the  carbon  in  the  presence  of 
the  latter  gas.  It  was  at  one  time  believed  that  the  carbon  dioxide  of 
venous  blood  resulted  from  the  oxidation  of  substances  in  the  blood 
itself.  It  has,  however,  been  shown  that  the  blood  itself  has  very  slight 
oxidizing  powers,  and  that  in  the  frog  the  whole  of  the  blood  may  be 
replaced  by  saline  solution  without  producing  any  marked  effect  upon 
the  metabolism  of  the  body.  It  is  obviously  unlikely  that  any  but  very 
slight  oxidation  could  go  on  in  such  a  medium.  It  has  moreover  been 
demonstrated  that  the  tension  of  carbon  dioxide  in  the  tissues  is  con- 
siderably greater  in  the  tissues  than  it  is  in  the  venous  blood. 

Special  Respiratory  Acts. 

It  will  be  well  here,  perhaps,  to  explain  certain  special  respiratory 
acts,  which  appear  at  first  sight  somewhat  complicated,  but  cease  to  be 
so  when  the  mechanism  by  which  they  are  performed  is  clearly  under- 
stood. The  diagram  (fig.  219)  shows  that  the  cavity  of  the  chest  is  sep- 
arated from  that  of  the  abdomen  by  the  diaphragm,  which,  when  acting, 
will  lessen  its  curve,  and  tlius  descending,  will  push  downward  and 
forward  the  abdominal  viscera;  while  the  abdominal  muscles  have  the 
opposite  effect,  and  in  acting  will  push  the  viscera  upward  and  back- 
ward, and  with  them  the  diaphragm,  supposing  its  ascent  to  be  not 
from  any  cause  interfered  with.  It  will  also  be  seen  that  the  lungs 
communicate  with  the  exterior  of  the  body  through  the  trachea  and 
larynx,  and  further  on  through  the  mouth  and  nostrils — through  either 
of  them  separately,  or  through  both  at  the  same  time,  according  to  the 
position  of  the  soft  palate.  The  stomach  communicates  with  the  ex- 
terior of  the  body  through  the  a?so]>hagas,  pharynx,  and  mouth;  while 
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p3ow  the  rectum  opens  at  the  amis,  and  the  bladder  through  the  ure- 
thra. All  thege  opc?nings,  through  whieii  tlie  hollow  viscera  i'ommuui- 
cate  with  the  exterior  of  the  body,  are  guarded  by  luuscles,  called 
Bphincterfi,  which  can  act  iuclependently  of  each  other* 

Sif/hintf, — In  sighing  there  is  a  somewhat  prolouged  inspiration;  the 
air  almost  noiselessly  passing  in  through  the  glottis,  and  by  the  elastic 
recoil  of  the  lungs  and  chest- walla,  and  probably  also  of  the  abdomiBal 
walls,  being  suddenly  expelled. 

In  the  first,  or  inspirtfforf/  part  of  this  act,  the  descent  of  the  dia- 
pbmgm  presses  the  abdominal  viscera  downward,  and  of  course  this 
pressure  tends  to  evacuate  the  contents  of  such  of  them  as  communicate 
with  the  exterior  of  the  body.  iTiasnnicli,  liowever,  as  their  various 
openings  are  guarded  by  sphincters,  in  a  state  of  constant  tonic  contrac- 
tion, there  is  no  escape  of  their  contents,  and  the  air  simply  enters  the 
lungs.  In  the  second,  or  vfpirafurfj  part  of  the  act,  pressure  is  also 
made  on  the  abdominal  viscera  in  tlie  opposite  direction,  by  the  recoil 
of  the  abdominal  walls;  but  the  pressure  is  relieved  by  the  escape  of  air 
through  the  open  glottis,  and  the  relaxed  diaphragm  is  pushed  up  again 
into  its  original  position.  The  sphincters  of  the  stomach,  rectum,  and 
bladder,  act  in  the  same  manner  as  before, 

Hicconfjh  resembles  sighing  in  that  it  is  an  inspiratory  act:  but  the 
inspiration  is  sudden  instead  of  gradual,  the  diaphragm  acting  suddenly 
and  spasmodically;  and  the  nir,  suddenly  rushing  through  the  unpre- 
pared rima  glottidis,  Ciiuses  vibration  of  the  vocal  cords  and  the  peculiar 
sound. 

Cofifjhinri.—lw  the  act  of  coughing  there  is  most  often  first  of  all  a 
deep  inspiration,  followed  by  an  expinition;  but  the  latter,  instead  of 
being  easy  and  uninterrupted,  as  in  normal  breathing,  is  obstructed,  the 
glottis  being  momentarily  closed  by  the  approximiition  of  the  vocal 
cords.  The  abilominal  muscles,  then  strongly  acting,  push  up  the 
Tiscera  against  the  diaphragm,  and  thus  make  pressure  on  the  air  in  the 
lungs  until  its  tension  is  sufficient  to  noisily  open  the  vocal  cords  which 
oppose  its  outward  passage.  In  this  wxvy  eunsiderable  force  is  exercised, 
and  mucus  or  any  other  matter  thjit  may  need  expulsion  from  the  air- 
passages  is  quickly  and  sharply  expelled  by  the  outstreaming  current  of 
air.  It  will  be  evident  on  reference  to  lig.  "Zll,  that  pre^^sure  exercised 
by  the  abdominal  muscles  in  the  act  of  coughing,  acts  as  foreihly  on  the 
abdominal  viscera  as  on  the  lungs,  inasmuch  «8  the  viscera  form  the 
medium  by  which  the  upw^ard  pressure  on  the  diaphragm  is  made,  and 
there  is  of  necessity  quite  as  great  a  tendency  to  the  expulsion  of  their 
contents  as  of  the  air  in  the  lungs*  The  instinctive  and  if  necessary 
voluntarily  increased  contraction  of  the  sphincters,  however,  prevents, 
any  escape  at  the  openings  guardeti  by  them,  and  the  pressure  is  eJlec- 
tive  at  one  part  only,  at  the  rima  glottidis. 
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Sneezing. — The  same  remarke  that  apply  to  coughing,  are  almost 
exactly  applicable  to  the  act  of  sneezing;  but  in  this  inBtance  the  h\m 
of  uir,  on  esciiping  frotn  the  lungs,  is  directed,  by  an  instinctive  contrac- 
tion of  the  pillars  of  the  fauces,  and  descent  of  the  soft  palate*  chiefly 
throngh  the  nose,  and  any  offending  matter  is  thence  expelled, 

Spetiking, — In  speaking,  there  is  a  voluntary  expulsion  of  air  through 
the  glottis  hv  means  of  the  expiratory  muscles.     The  vocal  cords,  by  the 
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muBcles  of  the  larynx,  are  put  in  a  proper  position  and  state  of  tension 
for  vibrating  as  the  air  passes  over  them,  and  sound  is  produced.     The 
sound  is  moulded  into  articulate  speech  by  the  tongue,  teeth,  lips,  etc  ■ 
^the  vocal  cords  producing  the  sound  only,  and  having  nothing  to  do 
with  arfieulutuiii. 

Singing, — Singing  resembles  speaking  in  the  manner  of  its  produc- 
tion; the  laryngeal  muscleB,  by  variously  altering  the  position  and  de* 
g^ree  of  tension  of  the  vocal  cords,  producing  the  different  notes.  Words 
used  in  the  act  of  singing  are  of  course  framed,  as  in  speakiDg^  by  the 
tongue,  teeth,  lips,  etc, 

Siujfing, — Sniffing  is  produced  by  a  rapidly  repeated  but  iDOompldtd 
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©I  the  diaphragm  and  other  inspiratory  muscles.  The  mootk  ia 
and  the  whole  streum  of  air  is  made  to  enter  the  iiir-piissagear 
through  the  nostrils.  The  alae  oasi  iire  commonly  at  the  same  time 
m«tiiictively  dilated. 

Soffbing. — Sohhing  consists  of  a  series  of  convulsive  inspirations,  at 
the  moment  of  which  the  glottis  is  usually  more  or  less  closed. 

Z^ii^r/iiVi^.— Laughing  is  made  up  of  a  series  of  short  and  rapid  expi- 
rations. 

yaivnijig. — Yawning  is  an  act  of  inspiration  but  is  unlike  most  of 
the  preceding  actions  us  it  is  always  more  or  less  involuntary.  It  is 
attended  by  a  stretching  of  various  muscles  about  the  palate  and  lower 
jjiw,  which  is  probably  analogous  to  the  stretching  of  the  muscles  of  the 
limbs  in  which  a  weary  man  finds  relief,  as  a  voluntary  act,  when  they 
hmve  been  some  time  out  of  action.  The  involuntary  and  reflex  charac- 
ter of  piwning  probably  depends  on  the  fact  t!iat  the  muscles  concerned 
are  themselves  at  all  times  more  or  less  used  invohintarily,  and  require^ 
therefore,  something  beyond  the  exercise  of  the  will  to  set  them  in 
action.  For  the  same  reason »  yawning,  like  sneezing,  cannot  be  well 
performed  volontarily. 

Sue  ting, — Sucking  is  not  properly  a  respiratory  act,  but  it  may  be 
most  conveniently  considered  in  this  place.  It  is  caused  chiefly  by  the 
depressor  muscles  of  the  os  hyoidcs.  These^  by  drawing  downward  and 
bfiickward  the  tongue  and  floor  of  the  mouth,  produce  a  partial  vacuum 
in  the  latter:  and  the  weight  of  the  atmosphere  then  acting  on  all  sides 
tends  to  produce  ecjuilibrium  on  the  inside  and  outside  of  the  mouth  as 
best  it  may.  The  communication  between  the  mouth  and  pharynx  15 
DCMnpletety  shut  off  by  the  contraction  of  the  pillars  of  the  soft  palate* 
«d  deaeent  of  the  latter  so  as  to  touch  the  back  of  the  tongue;  and  the 
e<|uilibrium,  therefore,  can  be  restored  only  by  the  entmnce  of  some- 
thing through  the  mouth.  The  actiotj,  indeed,  of  the  tongue  and  floor 
jjuf  the  mouth  in  sucking  may  be  compared  to  that  of  the  piston  in  a 
ajTinge,  and  the  muscles  which  pull  down  the  os  hyoides  and  tongue,  to 

power  which  draws  thij  handle. 
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The  Nervous  Apparatus  of  Respiration. 

Like  all  other  functions  of  the  body,  the  discharge  of  which  is  nee- 

to  life,  respiration  is  essentially  an  involuntary  act     Unless  these 

the  ca»e,  life  would  be  in  constjint  danger,  and  would  cease  on  the 

I0188  of  consciousness  for  a  few  moments,  as  in  sleep.     It  is,  however, 

alio  necessary  that  respiration  should  be  to  some  extent  under  the  con- 

rol  of  the  will.     For  were  it  not  so,  it  would  be  impossible  to  perform 

those  respiratory  acts  which  have  been  just  discussed,  such  as  speaking, 

iinging,  and  the  like. 


270  B\SDBiJf}K   OF  PHYSIOLOGY. 

It  has  been  known  for  centuries  that  there  exists  a  district  of  the 
central  nervoos  system  on  the  destniction  of  which  both  reapintion 
and  life  cease.  All  attempts  to  localize  this  district,  however,  before 
those  of  Floarens  were  unaaccessfnl.  Floarens,  after  many  series  of 
experiments  as  to  the  exact  position  of  what  he  called  the  **  knot  of 
life''  (norud  Tital),  placed  it  in  the  foarth  ventricle,  at  the  point  of  the 
V  in  the  gray  matter  at  the  lower  end  of  the  calamus  scriptorins;  a  dis- 
trict of  considerable  size,  viz.,  5  mm.,  on  both  sides  of  the  middle  line. 
Obsen'ers  subsequent  to  Flourens  have  attempted  to  show  that  the  chief 
respiratory  centre  on  the  one  hand  is  situated  higher  up  in  the  nervou 
system,  e.g.,  in  the  floor  of  the  third  ventricle  (Christian!),  or  in  the 
corpora  quadrigemina  (3Iartin  and  Booker,  Christiani,  and  Stanier),  or 
on  the  other  hand,  lower  down  in  the  spinal  cord,  and  that  the  medullaij 
centres,  if  they  exist,  are  either  accessory  or  subservient  to  such  centres. 
The  balance  of  experimental  evidence,  however,  is  to  prove  that  the  sole 
centres  for  respiration  is  a  limited  district  in  the  medulla  oblongata  in 
close  connection  with  the  vagus  nucleus  on  each  side,  with  which  ther 
are  probably  identical.  The  destruction  of  this  district  stops  respira- 
tion forever;  whereas,  if  it  be  left  in  connection  with  the  muscles  of 
respiration  by  their  nerves,  although  the  remainder  of  the  central  nervous 
system  be  separated  from  it,  respiration  continues.  It  may  be  considered 
almost  certain  that  the  medullary  centre  is  the  only  true  respirator? 
centre,  and  that  the  observations  of  Langendorff,  that  in  newly-born 
animals  in  which  the  medulla  has  been  cut  immediately  or  a  few  milli- 
metres below  the  point  of  the  calamus  scriptorins  respiration  continues 
for  some  time  as  in  normal  animals  cannot  be  received.  We  are  indebted 
to  Marckwald  for  much  information  on  this  subject,  and  he  has  come  to 
the  conclusion  that  normal  respiration  does  not  occur  after  division  of 
the  bulb  from  the  cord,  and  that  the  so-called  respiratory  movements 
noticed  by  I^ngendorff  are  merely  tetanic  contractions  of  the  respira- 
tory muscles  with  which  often  enough  other  muscles  take  part. 

The  action  of  the  medullary  centre  is  to  send  out  impulses  during 
inspiration,  which  cause  respiratory  movements  of  the  muscles — (a)  of 
the  nostrils,  and  jaws  through  the  facial  and  inferior  division  of  the 
fifth  ner^'es;  (b)  of  the  glottis,  chiefly  through  the  inferior  laryngeal 
branches  of  the  vagi:  (r)  of  the  intercostal  and  other  muscles  which 
produce  raising  of  the  ribs,  chiefly  through  the  intercostal  nerves,  and 
{(l)  of  the  diaphragm  through  the  phrenic  nerves. 

If  any  one  of  these  sets  of  nerves  be  divided,  respiratory  movements 
of  the  corresponding  part  cease. 

Similarly  it  may  be  supposed  that  the  centre  sends  out  impulses  dur- 
ing expiration  to  certain  other  muscles.  It  has  been  suggested,  however, 
that  the  centre  consists  of  two  parts,  or  is  double,  and  that  it  is  made 
up  of  an  inspiratory  centre,  which  is  constantly  in  action,  and  of  an  ex- 
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the  cerebrum.  The  :'r:::rv  :?- ::.  '.z-tT  T.ris.  r-iTi  autoziaric  i:ii  re- 
flex.    It  will  r^e  siinrlef:  :••  iii^ru?*  ::*  rrZfx  f-- ::i::i  Irs:  :f  ill 

.4'7i"  »•  /'Jj^-V'-  >v  .  •  >.—  ■  Action  of  the  vagi — I-  ■•:^i  -vr: 
be  divided  in  the  ne^k.tJiT  >r?r:r:»::.:L5  ■.•r.  .n-e  m-  i:  rl:TTr-»i.i  It-t:^:; 
this  may  he  ;he  oase.  :-:  ::•  i  lr>s  z:.»rie:  i-rrrer.  :f  -iLr  ::"  'L-t  LTrr-r* 
is  divide*!  insteud  vf  "t-.^ii:-  If  :hT  :^-:ral  r- i  •. f  :ir  IiTiiei  1t:^t  :•? 
stimulated  with  a  veak  i'L'.'zm^Z'rL  .-rr^i.:.  the  z::?t  MUsti:::  -rf-.:  ^ 
that  the  respirritiorLS  ire  :-:.ie-eI.  ii.1  :f  the  stuL-j.!:  at^  tr.i-eT.j  rr*- 
ulated.  the  normal  rhy-:h=i  zi  re^tirj::.  n  niij  >:  rri.i— rr^L  If  I-t  s:  i_- « 
be  repeiied  wi:h  s::±.:e-:  •:-i:Jtt:-r»-  ifter  a  Thilr  :hr  'z:^.ui-.-z  -s 
brought  to  a  siini-still  a:  :he  hcirh:  :f  i-stir*::.-  "*j  trrtii.-?  :f  t-t 
diaphragm.  Sjzieiiz:*?,  however.  s:::i.-l^:::-  :f  :he  :^:i:rjil  tlI  :f  :^t 
divided  vagi  pn>itL:«*  still  rr^a:«rr  sljwir.r  :hAr.  :h^:  '9'i_:'i.  f.H.vi 
the  division,  so  that  if  it  ':■?  x-niiL-t-i.  ;he  re?::ri:::i^  :^=*r^.  -r.il  ^It 
diaphragm  in  a  •^-■ii':;.:-  :f  M^ir-leTe  reliiaTi".  M-ar^kwili  x-i^.irr? 
that  the  di5er>er.oe5  in  :hr  eft-::s  f  ^^r::?  j::=:iL*::::i  irf  :it  ■;  --r 
siirauius  beinz  arrlir^i  :•:  :he  r-er-re  aZ  iifrr-rL:  :-rrl>is  i-  :--r  rrs^.ri^ 
tory  oyoie,  ar.i  th^^t  the  io:i:::  -if  :he  v^^s  ziij  '.-r  :•:  y^  f  :r:h  r.*:!-:: 
inspiraiion  or  eir-  r»:i:- — "ihe  izirnlsr-s  jiMciir  -p  :ir  ^i^:  Vizri-i-rr- 
8:iry  to  the  pr*>i3:;i:::  vf  :he  ~:mal  re5Tiri::TT  rhy-.hz:-  7it  iirr? 
of  the  vig-js  are  :tsei  -zier  :hr  f:-ll:'s".Lr  ;:r:"=:rtii.:-r5- :h:vr  irt-f 
whioh  tend  t.-^  inhibi:  ei:ira:i::i  i-i  :•:•  ?::=:- l-tr  :-?::r:a::;-  ire  itj:!- 
uLiei  at  their  ilstr:':::::.!.  i-  :he  Iznr  ^hrr  :hr  l-'r  :*  ^—'z-j  i.:. :  :- 
act-ndlrii-n  of  eip-ir^tion.  j^i  ihe  d'r-r*  ^h:  h  -.ri;  ::  it. hi:::  :z*3iri- 
tion  and  ;o  pr»:»n::;eeirirfc:::t.  ars-  ?tin::ila:-ri  "s^^it-  :hT  1-ij  :?  :"-lj  -iri:- 
pandei.  The  a^rr>rn;  imp-lse^  ir^  :he  res-l:*  :f  -tT-t  '=:e:hii::^il 
stimulation,  and  do  not  ier-eni  -7-:-n  the  ?hrni;.nil  nit-r-r  :f  tit  r-^-rs 
within  the  r:iInvnarT  alv^^rli.  Thr  vj^-s  i.^ijs^  >::s  -T'I-  ZLr  :^i:rr» 
as  a  stimulator  of  ii5.:^hA^^e,  ir  TiiiT-fr  :f  yj^z^K^.^zi.. 

(^o  Action  of  the  superior  laryngeal  nerves. —If  :  t  ?----? 
larynffecil  r-ranoh.  cf  the  vi^s  t-e  ::~l:.r:.  wh::h  -r-il"j  Tr-i-.-r-?  -: 
apparent  e^e*?!.  iti  the  Cirr:rjl  er.i  *'-?  iTi-zI  tr-;.  the  -rfr::  .?  -tTt 
constant,  r^-spirations  are  slowe-i.  \7iz  z':.zTr  :?  .;.  :■=■'.:":- rj  :  Tirl  ^-7-' 
ration,  as  is  shown  :t  :he  :-:.":ri:: :•:•::  :f  :hr  i'-inir. .'.  r. -?•:>?.  7i:? 
if  the  vagTia  dbres  'X-ntiin  n'":r»E-s  whirh  ?t:r--li:r  ir.?:  :rin:r.  *:. :  :ih.:: 
eipirarion.  as  well  as  o;her  n-r-r?  wh:  -h  h»"r  :hr  r^'-rrfr  -f-r.'.  :it  •-- 
perior  larvngeal  fojes  ir.'r.:: i:  ins;:ra:::n  >zi  5:i=:-lj.:e  riiir:*:  .z. 


272  HANDBOOK   OF    PHYSIOLOGY. 

The  Buperior  laryngeal  nerves  are  true  expiratory  nerves^  and  miy 
be  set  in  action  when  the  mucous  membrane  of  the  larynx  is  irritated. 
They  are  not  constantly  in  action  like  the  vagi. 

(c)  Action  of  the  glosso-pharyngeal  nerves.— It  has  been  as- 
certained, chiefly  by  the  researches  of  Marckwald,  that  while  division  of 
the  glosso-pharyngeal  nerves  produces  no  effect  upon  respiration,  stim- 
ulation of  them  causes  inhibition  of  inspiration  for  a  short  period.  Thig 
action  accounts  for  the  very  necessary  cessation  of  breathing  during 
swallowing.  The  effect  of  the  stimulation  is  only  temporary,  and  is 
followed  by  normal  breathing  movements. 

(d)  Action  of  other  sensory  nerves.— The  respiratory  centres 
are  as  a  rule  stimulated  to  produce  respiration  by  impressions  conveyed 
by  sensory  nerves,  e.g.,  the  nerves  of  the  skin;  cold  water  applied  to 
the  surface  is  almost  invariably  followed  by  a  deep  inspiration.  Stimu- 
lation  of  the  splanchnics  and  of  the  abdominal  branches  of  the  vagi 
produce  expiration.  The  fifth  nerves,  as  well  as  the  glosso-pharyngeal 
and  the  superior  laryngeal,  inhibit  inspiration,  but  they  tend  to  produce 
a  gradual  slowing  and  not  an  absolute  inhibition,  as  do  the  glosso- 
pharyngeal. 

It  must  be  remembered  that  although  many  sensory  nerves  may  on 
stimulation  be  made  to  produce  an  effect  upon  the  respiratory  centres, 
there  is  no  evidence  to  show  that  any  one  of  them,  except  the  vagi,  is 
constantly  in  action.  The  vagi  indeed  are,  as  far  as  we  know,  the  only 
normal  regulators  of  respiration. 

AntoimUie  At  Hon  of  the  Respiratory  Centres. — Although  it  has  been 
very  definitely  proved  that  the  respiratory  centres  may  be  affected  by 
afferent  stimuli,  and  particularly  by  those  reaching  them  through  the 
vagi,  there  is  reason  for  believing  that  the  centres  are  capable  of  sending 
out  efferent  impulses  to  the  respiratory  muscles  without  the  action  of 
any  afferent  stimuli.  Thus,  if  the  brain  be  removed  above  the  bulb, 
respiration  continues.  If  the  spinal  cord  be  divided  below  the  bulb,  the 
facial  and  laryngeal  respiratory  movements  continue,  although  no  affer- 
ent impulses  can  reach  the  centres  except  through  the  cranial  sensory 
nerves,  and  these,  as  we  liave  seen,  are  not  always  in  action,  and  indeed 
may  be  divided  without  producing  any  effect,  when  the  bulb  and  cord 
are  intact.  As  has  been  shown,  too,  respiration  continues  when  the  vagi 
are  divided.  All  of  these  experiments  render  it  highly  probable  that 
afferent  impulses  are  not  required  in  order  that  the  respiratory  centres 
should  send  out  efferent  impulses  of  some  kind  to  the  respiratory  mus- 
cles; these  centres,  then,  are  automatic.  How  they  act  in  the  absence 
of  afferent  stimuli  has  been  demonstrated  by  Marckwald.  He  has  shown 
■—(a)  firstly,  that  if  the  bulb  be  separated  from  the  brain,  and  the  vagi 
be  then  cut,  there  is  first  of  all  inspiratory  spasm  followed  by  irregular 
spasm  of  muscles  both  of  inspiration  and  expiration,  and  death;  (i) 
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Bcondly,  that  if  the  vagi  are  divided,  the  reapimtions,  although  altered 
fti  character^  are  regular,  but  that  if  then  the  bniin  is  separated  from 
the  medulla,  the  same  respiratory  spasms  occur.  From  these  experiments 
it  is  concluded  that  the  automatic  action  of  the  centres  eoiisists  in  the 
liberation  of  respiratory  Kpasm.^  only,  and  not  of  regular  rhythmic  move- 
ments; but  that  impressions  reaching  the  centres  either  from  the  cere- 
brum or  through  the  vagi,  prevent  the  gathering  tension  in  the  centres 
from  becoming  too  great,  and  convert  the  spasms  which  would  other- 
wise arise  into  regular  movements.  The  chief  difference  between  the 
action  of  the  vagi  and  of  the  cerebnd  tracts,  is  that  the  former  are  always 
in  action,  whilst  the  latter  are  not  When  the  vagi  are  in  action  and  the 
higher  centres  are  not,  periodic  respiration  takes  place,  that  is  to  say, 
regpirations  occurring  in  groups,  each  such  group  being  followed  by  a 
pauae;  a  type  of  respiration  known  as  €%'f/He- Stoker  brertf hi ng,  to  wMch 
we  shall  return  presently.  It  will  be  thus  seen  that  even  the  ordinary 
action  of  the  respiratory  centres  is  to  a  large  extent  reflex,  and  depend- 
ent upon  vagus  or  cerebral  stimulation. 

Method  of  Stimulation  of  the  Iiespirator^  O'ntrej^. — Apart  then  from 
afferent  impulses,  the  respiratory  centres  are  capable  of  working  auto- 
matically, and  this  fact  has  been  explained  by  the  supposition  that  thoy 
are  stimulated  to  action  by  the  condition  of  the  blood  circulating  through 
them,  since  when  the  blood  becomeis  more  and  more  venous  the  action 
of  the  centres  becomes  more  ar^d  more  energetic,  and  if  the  air  is  pre- 
vented from  entering  the  chest,  the  respiration  in  a  short  time  becomes 
very  labored.  Any  obstruction  to  the  entrance  of  air  indeed,  whether 
partial  or  complete,  is  followed  l>y  an  abnormal  rapidity  of  the  inspira- 
tory acts.  The  condition  caused  by  any  interference  with  the  free  ex- 
change of  gases  in  the  lungs,  or  by  any  circumstance  in  consequence  of 
which  the  oxygen  of  the  blood  is  used  up  in  an  abnormally  quick  man- 
ner, is  known  as  df^^spHmK  If  the  aeration  of  the  blood  is  much  inter- 
fered with,  not  only  are  the  ordinary  respiratory  muscles  employed,  but 
also  those  muscles  of  extraordinary  inspiration  and  expiration  which 
have  been  previously  enumerated.  Thus  ae  the  blood  becomes  more  and 
more  venous,  the  action  of  tlie  medullary  centres  becomes  more  and 
more  active^  The  question  has  been  much  debated  as  to  what  quality 
of  the  venous  blood  it  is  which  causes  this  increased  activity;  whether 
it  is  its  deficiency  of  oxygen  or  its  excess  of  carbonic  acid.  It  has  been 
answered  to  some  extent  by  the  experiments,  which  show  on  the  one 
hand  that  dyspnoBa  occurs  when  there  is  no  obstruction  to  the  exit  of 
carbonic  acid  as  when  an  animal  is  placed  in  an  atmosphere  of  nitrogen, 
and  that  it  cannot  therefore  be  due  to  the  accumulation  of  carbonic 
acid ;  and  on  the  other,  that  if  plenty  of  oxygen  is  supplied,  true  dyspnoea 
does  not  occur,  although  the  carbonic  acid  of  the  blood  is  in  excess.  It 
ifl  highly  probable,  therefore,  that  the  respiratory  centres  may  be  stimu- 
iS 
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lilted  to  action  by  the?  absenee  of  suflicieiit  oxygen  in  the  blood  cireoJftl- 
ing  in  it,  uiul  not  by  the  prusenee  of  lui  excess  of  carbonic  ticid. 

But  tliit*  is  not  all,  since  it  luis  been  jjroved  by  Marckwald  that  t 
mednllHry  centres  are  capible  of  iieting  for  some  time  in  the  nlisen 
of  any  eireulutiou,  and  after  excessive  bleeding.  The  view  tiiken 
this  author  with  regard  to  the  action  of  the  centres  is  as  follows:  t 
respiratory  centres  are  set  to  act  by  the  condition  of  their  metabolisi 
much  in  the  same  way  as  the  heart  is  set  to  beat  rhytlimically.  Whc^i 
anabolisni  h  completed,  cataboIiKni  or  disi.-barge  occurs*  and  this  altci 
natc  bat  cnule  and  i?paamodic  action  will  ucenr  without  a  definite  blood 
supjdy,  as  long  as  the  centres  are  properly  nourished  and  stimnlatod  by 
their  own  intercellulnr  lluirb  The  afferent  impulses  hrouglit  by  the  vagi, 
in  consequence  of  the  siimnlation  of  their  tenninid  fibres  in  the  lungs, 
have  a  tendency  to  bring  al>ont  catabolism,  and  to  convert  crude  respi- 
nitory  spasms  into  regular  ami  rhytbmiL*  dischar<res.  In  the  absence  of 
the  vagus  stimulation,  the  impulses  from  the  cerebrum  may  be  elTectatd 
for  the  same  purpose. 

It  is  unreasonable  to  think,  however,  that  the  respiratory  centres 
independent  of  the  character  of  the  blood -supply  cither  as  regards  quan^ 
tity  or  quality.  This  must  have  a  great  influence  upon  their  irritubility; 
it  is  certain,  for  example,  that  venous  blood  greatly  increases  the  respi- 
ratory movements,  first  of  all  botli  of  inspiration  and  of  expiration,  anrl 
then  of  the  latter  to  a  greater  degree.  It  may  be  that  the  iliminutiot] 
of  oxygen  in  the  blood  acts  as  a  stimulator  of  cataboUsm,  in  both  in- 
spiratory and  expiratory  centres^  hut  particularly  in  the  latter,  in  a 
manner  similar  to  but  not  identical  with,  that  of  the  vagus.  It  has  also 
been  shown  that  the  presence  of  the  products  of  great  muscular  metabo- 
lism in  the  blood  will  greatly  increase  the  irritability  of  the  respiratory 
ce!Jtre8,  even  if  the  blood  itself  be  not  particularly  venous  in  character. 

It  appears  that  the  inspiratory  and  exiiinitory  respinitory  centres  are 
bilateml,  and  that  each  pair  may  act  independently,  since  the  bulb  may 
be  divided  longitudinally,  and  then  if  one  vagus  be  divided,  the  respi- 
ratory rhythm  on  the  two  sides  of  the  body  becomee  unequal,  the  roove- 
nients  of  the  side  upon  which  the  vagus  is  divided  being  slower  than  on 
the  other  side,  while  stimohition  of  the  divided  nerve  acts  only  npon 
the  movements  of  its  own  side. 

Apncea,— When  we  take  several  deep  inspirations  in  rapid  sncoes- 
sion  by  voluntary  effort,  we  find  tlnit  we  can  do  without  breathing  for  a 
much  longer  time  than  usual;  in  other  words,  several  rapid  respirations 
seem  to  inhibit  for  a  time  normal  respiratory  movements.  It  was 
thought  that  the  reason  for  this  partial  cessati>n  of  respiration,  which 
was  called  apturn^  is  that  by  taking  several  deep  breaths  w©  overcharge 
our  blood  with  oxygeu,  and  that  as  the  respiratory  centre  can 
stimulated  by  blood  in  which  the  standard  of  oxygen  is  below  a 
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[level,  no  reepiratory  imptilses  can  occur  uutil  the  oxygen  tension  of  the 
blood  reach  that  leveK  This  ideu  must  now  be  nioditied,  if  not  given  up, 
in  face  of  the  experiments,  r.//*»  those  of  Hering,  on  cats*  blood  during 
I  apna'U,  which  have  shown  that  animals  in  a  coodition  of  aiimim  may 
have  less  and  not  more  oxygen  in  their  blood  than  in  a  normal  state, 
although  the  carbonic  anhydride  is  less.  One  view  now  taken  of  the 
cause  of  apnoea  is  that  by  rapid  inflations  of  the  lungs  impulses  pass  up 
by  the  vagi,  by  means  of  which  inspiration  is  after  a  while  inhibited; 
iin other  view  is  that  by  the  repented  stimulation  of  the  centre  by  vagus 
impulses  whieh  result  in  rapid  respinitory  movements,  anabolism  is  at 
last  arrested.  Apnu?a  is  with  difficulty  produced,  if  at  all,  when  the 
vagi  are  divided. 

Effects  of  Vitiated  Ain—Ventilation.— As  the  air  expired  from 
the  lungs  contains  a  large  proportion  of  carbon  dioxide  and  a  minute 
amount  of  organic  pntrescible  matter,  it  is  obvious  that  if  the  same  air 
be  breathed  again  and  again,  the  proportion  of  e^irbonic  dioxide  and 
organic  matter  in  it  will  constantly  increase  till  it  becomes  unfit  to 
breathe;  long  before  this  point  is  reached  however,  uneasy  sensations 
occur,  such  as  headache,  languor,  and  a  sense  of  oppression^  It  is  a  re- 
markable fact,  however,  that  the  organism  after  a  time  adapts  itself  to 
a  very  vitiated  atmosphere,  and  that  a  person  soon  conies  to  breathe, 
vrlthout  sensible  inconvenience,  an  atmosphere  whieh,  when  he  first  en- 
ters it,  feels  intolerable.  Such  an  adaptation,  however  can  oidy  take 
place  at  the  expense  of  a  depression  of  all  the  vital  functions,  whieh 
must  be  injurious  if  long  continued  or  often  repeated. 

This  power  of  adaptation  i^  well  illustrated  by  the  experiments  of 
Claude  Bernard.  A  sparrow  is  placed  under  a  bell-glass  of  such  a  size 
that  it  will  live  for  three  hours.  If  now  at  the  end  of  the  second  hour 
<when  it  could  have  survived  another  hour)  it  l)e  taken  out  and  a  fresh 
Lcalthy  sparrow  introduced,  the  latter  will  perisli  instantly. 

It  must  be  evident  that  provision  for  a  constant  and  plentiful  supply 
of  fresh  air,  and  the  removal  of  that  which  is  vitiated,  is  of  far  greater 
importance  than  the  actual  cubic  space  per  head  of  occupants.  Not 
1b9B  than  ^4,<)U0  cubic  feet  per  head  should  be  allowed  in  sleeping  apart- 
ments (barracks,  hospitals,  etc.),  and  with  this  allowance  the  air  can  only 
be  maintained  at  the  proper  standard  of  purity  by  such  a  system  of  ven- 
tilation as  provides  for  the  supply  of  1,500  to  2,000  cubic  feet  of  fresh 
air  per  head  per  hour,     (Parkes.) 

The  Effect  of  Respiration  on  the  Circulation, 

As  the  heart,  the  aorta,  and  pulmonary  vessels  are  situated  in  the 
air-tight  thorax,  they  are  exposed  to  a  certain  alteration  of  pressure 
when  the  capacity  of  the  latter  is  increased  in  inspiration;  for  although 
the  expansion  of  the  lungs  tends  to  counter-balance  this  increase  of  area, 
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it  never  does  so  entirely,  gince  part  of  the  pressure  of  the  air  which  is 
dmwn  into  the  lungs  through  the  tnichea  is  expended  in  overcoming 
their  elasticity.  The  amomit  thus  used  np  irurreuses  as  the  lungs 
heconie  more  and  more  expanded,  so  that  the  pressure  inside  the  thorax 
during  inspiration,  as  far  as  the  heart  and  gi-eat  vessels  are  concerned, 
never  quite  equals  that  outside,  and  iit  the  eonchision  of  inspiration  u 
considerably  less  than  the  atmoBpheric  presaure.  It  has  been  ascertained 
that  the  amount  of  the  pressure  used  up  in  the  way  above  described,  ■ 
varies  from  5  or  7  mm.  of  mercury  during  the  pause,  to  30  mm*  of 
mercury  when  the  lungs  are  expanded  at  the  end  of  a  deep  inspiration, 
so  that  it  will  be  understood  that  the  pressure  to  which  the  heart  and  | 
reat  vessels  are  subjected  diminishes  as  inspiration  progresses,  and  ai 


Fir.  218.— Dia^ftin  of  an  appnratits  illiiKtraniip  tJie  effect  of  inisplratioti  upon  the  beart  and 
irreat  vf^fe^lK  wkhin  tli«?  thorax.  L  the  th«>rax  at  res  ;  II,  during  ioapinition  ;  p.  representii  iht? 
diajihnm:!!!  wht-u  relaxed  :  ry\  whfr*ti  eontr&t'ttnJ  {\t  numtbe  iffmetixWred  that  ihia  pusilion  is  a  mere 
diajB^'aLn  >,  i.e..  wheti  ihe  capacity  of  the  thora"  is  eala.g«sc! ;  h»  the  heart ;  v,  (Jie  veios  eoterin^  it. 
and  A,  the  oitirta ;  kj!,  l/,  the  right  and  Jefttung  ;  t,  th  trachea:  M,  tnertHirial  maii<)inet4?r  in  c«jn 
neclion  wjth  plieum.  The  intreasi*?  in  the  CApooity  of  the  box  represent  in ;;;  the  thorax  ifi  seen  t. 
dilate  the  heart  as  well  ais  ihehmK^  au<\  *n  lo  pump  in  blood  through  v,  wlierea*  the  v&lve  prvvezits 
r^flei  tJaroyjfh  a.  The  jxusition  of  the  mercury  io  u  ahows  ulao  the  Huction  which  ia  uUdug  ptace. 
ClJandoisJ 

its  minimum  ia  lees  by  30  mm,,  than  the  normal  pressure,  760  mm.  of 
mercury.  It  will  be  understood  from  the  acconiptinying  diagram  how, 
that  if  there  were  no  lungs  in  the  chest,  if  its  capacity  were  increased, 
the  effect  of  the  increase  would  be  expended  in  pumping  blood  into  the 
heart  from  the  veins.  With  the  lungs  placed  as  they  are,  during  in- 
Bpiration  the  pressure  outside  the  heart  and  great  vessels  is  diminished, 
and  they  have  therefore  a  tendency  to  expand  and  to  diminish  the  intra- 
vascular pressure.  The  diminution  of  pressure  within  the  veins  passing 
to  the  right  auricle  and  within  the  right  auricle  itself,  will  draw  the 
blood  into  the  thorax,  and  so  assist  the  circulation.  This  suction  action 
is  independent  of  the  suction  power  of  the  diastole  of  the  auricle  about 
which  we  have  praviously  spoken.     The  effect  of  sucking  more  blood 
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into  the  right  aaricle  will,  ctFiens  paribus,  increafiu  the  amount  passing 
through  the  right  ventricle,  whk^h  tilao  exerts  a  similar  suction  action, 
and  through  the  kings  iuto  the  left  auricle  and  ventricle,  and  thus  into 
the  aorta.  This  all  tends  to  increase  the  blood-pressure.  The  etfect  of 
the  diminished  press ure  upon  the  pulmonary  vessels  will  also  help 
lowArd  the  same  end,  Le.,  an  increased  How  tli rough  the  lungs,  so  that, 
as  far  as  the  heart  and  its  veins  are  concerned,  inspiration  increases  the 
blood-preasare  in  the  arteries.  The  effect  of  inspiration  upon  the  aorta 
and  its  branches  within  the  thorax  would  be,  however,  contrary;  for  as 
the  pressure  outside  is  diminished  the  vessels  would  tend  to  expand,  and 
thus  to  diminish  the  tension  of  the  blood  within  them,  but  inasmuch  as 
the  large  arteries  are  capable  of  little  expansion  beyond  their  natural 
calibre,  the  diminution  of  the  arterial  tension  caused  by  this  means 


rtjr.  910,— Ccvmparitfoti  of  blood  pn^vaure  curv«  with  curve  of  ItitJ^-thoracic  nresuuhj.  (To  be  read 
I  from  l^  to  r%l]t>  a  is  th4?  curve  of  htoodpreosurt!'  with  it»  resplrfttory  itQ<lulafcloD8,  the  slower 
^«t«  on  tb«  descent  belnj?  very  marked ;  h  b*  the  eiirr*^  of  hitrti'thonickt  ttr««m]Tb  {i1>taju«*<i  by  con- 
ner'titig  one  limb  of  a  mAtiometer  wftb  the  plural  CAvity,  InHpiratioa  betmis  at  *  and  expiration  at 
e  The  intra- thoracic  preasiiin*  rliite*  ver>'  rapidly  aft+r  the  eeiMation  i$t  the  inspiratory  effort,  and 
Ihen  slowly  fall*  as  tht*  air  Iwui-s  from  tbe  cbe«t;  at  the  bc^timiii^  of  tbe  ioapiratory  elTort  tbe  fall 
1>ecoineB  more  rapid.     ( >L  Fester,  i 

would  be  insufficient  to  counteract  the  increase  of  blood-pressure  pro- 

»dnced  by  the  effect  of  inspiration  upon  the  veins  of  the  chest,  and  the 
^balance  of  the  whole  action  would  be  in  favor  of  an  increase  of  bloud- 
pressnre  during  the  inspiratory  period.     Bnt  if  a  blood-pressure  tracing 

I  he  taken  at  the  sume  time  that  the  respirator}"  movements  are  being 
Tecorded,  it  w^ill  be  found  that,  although  speaking  generally,  the  arterial 
tension  is  increased  during  inspiration,  the  maximum  of  arterial  tension 
does  not  correspond  with  the  ticme  of  inspirntion  (fig.  219).  In  fact,  at 
the  beginning  of  inspiration  the  pressure  continues  to  fall,  then  gradually 
toTises  until  the  end  of  inspiration.^  and  continues  to  do  so  for  some  time 
^ -after  cx]drution  has  commenced. 

As  regards  the  effect  of  ej^pirafiofi,  the  capacity  of  the  chest  is 
diminished,  aiHl  tlie  intrii^thoracic  pressure  returns  to  tbe  nornml,  which 
is  not  exactly  equal  to  the  atmospheric  pressure.     The  effect  of  this  on 
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the  Tcins  is  to  increase  their  extra- vascular  imd  so  their  iutra-TascuW 
pressure,  unci  to  (iiminish  the  flow  of  blood  into  the  left  side  of  ibt 
heart*  and  with  it  the  general  blood-pressure,  but  this  is  almost  exat^Ui 
balanced  by  the  necessary  increase  of  arterial  tension  caused  by  tbt 
increase  of  the  extra- vascular  pressure  of  the  aorta  and  large  arterieg,  go 
that  the  arteriiil  tension  is  not  much  affected  during  expiration  either 
way.  Thus,  ordinary  ex|iiratio!i  does  not  produce  a  distinct  ohstractioTi 
to  the  circulation,  as  even  when  the  expiration  is  at  an  end  the  intra- 
thoracic pressure  is  less  than  the  extra-thoracic. 

The  effect  of  violent  expiratory  efforts,  however,  has  a  distinct  action 
in  ohstructiug  the  current  of  blood  through  the  lungs^  as  seen  in  the 
hluenesa  of  the  face  from  congestion  in  stnnning,  this  condition  bein^ 
producred  by  presaure  on  tlie  small  pulmonary  vessels. 

We  may  summarize  tins  mechanical  effect  of  respiration  on  the  blood- 
pressure  therefore,  and  say  that  ini^pinition  aids  the  circulation  and  5»3 
increases  the  arterial  tension^  and  that  jdthough  expiration  does  uot 
materially  aid  the  circulation,  yet  under  ordinary  conditions  neither  iloe* 
it  obstruct  it.  Under  extmordinury  conditions,  however,  as  in  violeut 
expiration,  the  circulation  is  decidedly  obstnicted. 

We  have  seen,  however,  that  there  is  no  exact  correspondence  between 
the  point  of  highest  blood-pressure  and  the  end  of  inspiration,  and  wv 
must  suppose  that  there  are  other  meclmnieal  factors,  such,  for  example 
as  tlie  effect  of  the  abdominal  movements,  both  in  inspiration  and  in 
expiration,  upon  the  arteries  and  veins  within  the  abdomen  and  of  the 
lower  extremities,  and  the  influence  of  the  varying  intrathoracic  pres- 
sure upon  the  pulmonary  vessels,  both  of  which  ought  to  be  taken  into 
consideration.  As  regards  the  first  of  tliese,  the  effect  during  inspira- 
tion^— as  the  cavity  of  the  abdomen  is  diminished  by  the  descent  of  the 
diaphragm — should  be  two-fold:  on  the  one  hand,  blood  would  be  sent 
npwsird  into  the  chest  by  compression  of  the  vena  cava  inferior;  on  the 
other  hand,  the  passage  of  blood  downward  from  the  cheet  in  the 
abdominal  aorta,  and  upward  in  the  veins  of  the  lower  extremity,  would 
be  to  a  certain  extent  obstructed.  In  ordinary  expiration  all  this  would 
be  reversed,  but  if  the  abdominal  muscles  are  violently  contracted,  as  in 
extraordinary  expiration,  the  same  effect  would  be  produced  as  by  in- 
spiration. The  effect  of  the  varying  intrathoracic  pressure,  which  occurs 
during  inspiration  upon  the  pulmonary  vessels  is  to  produce  an  initial 
dilatation  of  both  artery  and  veins,  and  this  delays  for  a  short  time  the 
passage  of  blood  toward  the  left  side  of  the  heart,  and  the  arterial 
pressure  falls,  but  the  fall  of  blood-pressure  is  soon  followed  by  a  steady 
rise,  since  the  flow  is  increased  by  the  initial  dilatation  of  the  vessels: 
the  converse  is  the  case  with  expiration.  As,  however,  the  pulmonary 
veins  are  more  easily  dilatable  than  the  pulmonary  artery,  their  greater 
distensibility  increases  the  flow  ol   blood  as  inspiration  proceeds,  while 
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dtiritig  expiration^  except  at  its  beginning,  this  property  of  theirs  acts  in 
the  opposite  direction,  and  diminishes  the  flow.  Thus,  at  the  beginning 
of  inspiration  the  diminution  of  Wood-pressure,  which  comnitniued  during 
expiration,  is  continued,  but  after  a  time  the  diminution  is  Buceeeded  by 
a  fiteadj  rise;  the  reverse  is  the  case  with  expiration— at  first  a  rise  and 
then  a  fall. 

The  effect  of  the  nervous  system  in  producing  rhythmical  alteni- 
tions  quite  independent  of  the  mechaDically  caused  undulations  of  the 
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Fig,  aaO.—Tfaube- Herder's  curres.  cTf>  t*f  read  frrmj  l**ft  to  rijfhi. )  The  curve*  1,  S*  S,  4,  kb6  5 
are  portiotis  0eleett>d  rrotn  Qnercmtiiiiimmlraciuji;  fiirmiij^  the  rvcc^nl  of  a  prolonfTiHl  obflervfttion, 
ao  tbat  the  »ever&J  curvtw  rH(>rt!>Heiit  succe4(siv« stages cl  tht^  MJiine  ex]>ertmeiit.  Each  curre  Is  plAced 
Id  iu  proper  posit  ion  relative  to  thif  Uium  liut^,  whioti  isomitUMl :  th»'  bli^od-prenaure  rfaet  In  ttages 
from  1  to  Ji,  9L  &Dd  i,  biit  falb!  a^ikla  in  fttAg«  fi.  Curre  1  ia  taken  from  a  perfod  wben  artlAdal  re»- 
fiErwtloii  wa»  bemt;  kept  up,  but  ihe  vAgi  havinK-  beeo  dlrldedt  the  pulsatkxiui  od  the  aseent  aod  d&- 
•OMitof  theuadulaiiiitifl  clb  ntA  differ;  wlu^u  artiflclAJ  respiratioa  oeaaed  these  undulatJona  for  a 
while dfaappeartMl.  and  the  blood- iireflsiirp  ri»st!i  uteiuUI^  while  the  heort-beiitB  bf»cftme Blower.  Soon* 
as  at  te,  nti'W  uadulatlous  appeared,  i  a  httk*  later  ihe  blood-prtfiSTin*  v^-aa  Htill  rising,  the  heart  b<satB 
»rill  slower,  hut  the  undulailooi  still  more  i>bvioUH  (3);  mill  la[<-r  (4  j.  thr  pr^-K-iir©  was  etiU  higherj 
but  the  heart-beats  were  quiclier,  and  the  iindiilntionR  Itatti^r.  thc>  prt-sHiire  then  began  to  fall  rapidly 
(5),  and  uootlDUfid  to  fall  ud  Jl  some  time  after  artUlcial  respiratlQu  was  r^suiDed,    (M,  Foster.) 

blood -pressure  is  two-faki.  In  the  first  place  the  rardio-hilnbiton/  rent  re 
is  gtimulated  during  the  fall  of  blood-pressure,  and  produces  !fc  slower 
rate  of  heart-beat,  which  will  be  noticed  in  the  tracing  (fig.  220).  The 
undulations  during  the  decline  of  blood-pressure  are  therefore  longer 
but  lees  frequent.  This  effect  disappears  when,  by  section  of  the  vagi, 
the  effect  of  the  centre  is  cut  off  from  the  heart.  In  the  second  place, 
the  vafio-mofor  centre  sends  out  rhythmical  impulses,  by  which  undula- 
tions of  blood-presflure  are  produced^.  quite  independent  of  the  so-called 
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respiratory  unduktiona.  The  action  of  this  centre  in  producing  such 
niuiuhition^  is  thus  demonstrated.  In  an  animal  under  the  influence 
of  urari,  a  record  of  whose  blood-pressure  ia  being  taken,  and  where 
urtiticial  respiration  has  been  stopped,  and  both  vagi  cnt,  the  blood- 
pressure  curve  rises  at  first  almost  in  a  straight  line,  bnt  after  a  time 
rhythmiail  undulations  ot^cur  {called  Tranlte's  or  Traube-Herim/i 
curimi)]  there  may  be  upward  of  ten  of  the  respiratory  undulations  in 
one  Traube-llering  curve.  They  continue  as  long  as  the  blood-pressure 
continues  to  rise,  and  only  cease  when  the  vaso-motor  centre  and  the 
heart  are  exhausted,  when  the  pressure  falls.  The  undulations  caonot 
depend  upon  anything  but  the  vaso-motor  centre,  as  the  mechanical 
effects  of  respiration  have  been  eliminated  by  the  urari  and  by  the 
cessation  of  artificial  respiration,  and  the  effect  of  the  cardio-inhibitory 
centre  has  been  removed,  by  the  division  of  the  vagi.  The  rhythmic 
rise  of  blood-pressure  is  most  likely  due  to  a  rhythmic  constriction  of 
the  arterioles  followed  by  a  rhythmic  fall  of  pressure  and  relaxation, 
botli  being  due  to  the  action  of  the  vaso-motor  centre.  The  vaso-motor 
centre,  therefore,  as  well  as  the  cardio-inhibitory,  is  capable  of  produc- 
ing rhythmical  undulations  of  blood -pressure. 

Ciu'ijnC'Sfokes'  hreaihi/tfj  is  a  rhythmical  irregularity  in  respirations 
w*hich  has  been  observed  in  various  diseases,  and  is  especially  connected 
with  fatty  degeneration  of  the  heart.  Respirations  occur  in  groups,  at 
tlie  beginning  of  each  group  the  inspinitions  are  very  shallow,  but  each 
successive  breath  its  deeper  than  the  preceding,  until  a  climax  is  reached, 
after  which  the  inspirations  become  less  and  less  deep,  until  they  cease 
after  a  slight  pause  altogether.  This  phenomenon  appears  to  be  due  to 
the  want  of  action  of  some  of  the  usual  cerebml  influences  which  pass 
down  to  and  regulate  the  discharges  of  the  respiratory  centres. 

Whatever  is  the  exact  quality  of  the  venous  blood  which  excites  the 
respiratory  centre  to  produce  normal  respirations,  there  can  be  no  doubt 
that  as  the  blood  becomes  more  and  more  venous  from  obstruction  to 
the  entrance  of  air  into  the  lung,  or  from  the  blood  not  taking  up  from 
the  air  its  usual  supply  of  oxygen,  the  respiratory  centre  becomes  more 
active  and  excitable,  and  a  condition  ensues,  which  passes  rapidly  from 
Ih/pprjitiffid  (excessive  breathing)  to  the  state  of  Dyspnfipa  (difficult 
breathing),  and  afterward  to  Anphyxm  ;  and  the  latter,  unless  relieved, 
qnickly  ends  in  death. 

The  ways  by  which  this  condition  of  asphyxia  may  be  produced  are 
very  numerous: — As,  for  example,  by  the  prevention  of  the  due  entry 
of  oxygen  into  the  blood,  either  by  direct  obstruction  of  the  trachea  or 
other  part  of  the  respiratory  passages,  or  by  introducing  instead  of 
ordinary  air  a  gas  devoid  of  oxygen,  or,  by  interference  with  the  due  in- 
terchange of  gases  between  the  air  ond  the  blood. 

The  symptoms  of  asphyxia  may  he  divided  into  three  groups,  which 
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QGMQK>iid  with  the  stages  of  the  condition  which  arc  uaoally  recog- 
nizedy  thege  are  (1),  the  stage  of  exaggerated  breathing;  (2)>  the  stage 
of  convulsions;  (li),  the  stage  of  exhaustion. 

In  the  JirHt  ntage  the  breathing  becomes  more  rapid  and  at  the  same 
time  more  deep  than  usual,  the  inspirations  at  first  being  especially  ex- 
aggerated and  prolonged.  The  muscles  of  extraordinary  inspiration  are 
called  into  action,  and  the  ef  ort  to  respire  is  labored  and  painful.  This 
is  soon  followed  by  a  similar  increase  in  the  expiratory  efforts,  which 
become  excessively  prolonged,  being  aided  by  all  the  muscles  of  extra- 
ordinary expiration.  During  this  stage,  which  lasts  a  varying  time, 
from  a  minute  upward,  according  as  the  deprivation  of  oxygen  is  sudden 
or  gradual,  the  lips  become  blue,  the  eyes  are  prominent,  and  the  ex- 
pression intensely  anxious.  The  prolonged  respirations  are  accompanied 
by  a  distinctly  audible  sound;  the  muscles  attached  to  the  chest  stand 
out  as  distinct  cords.  This  stage  includes  the  two  cunditions  hyperpna?a 
and  dyspnoea  already  spoken  of.  It  is  doe  to  the  increasingly  powerful 
stimulation  of  the  respiratory  centres  by  the  increasingly  venous  blood. 

In  the  second  8lafjt\  which  is  not  marked  out  by  any  distinct  line  of 
demarcation  from  the  first,  the  violent  expiratory  efforts  become  con- 
Tulsive,  and  then  give  vv:iy,  in  men  and  other  warm-blooded  animals  at 
any  rate,  to  general  con  vols  ions,  which  arise  from  the  further  stirauLi- 
tion  of  the  centres.  The  spasms  of  the  muscles  of  the  body  in  general 
occur,  and  not  of  the  respimtory  muscles  only.  The  convulsive  stage 
is  a  short  one,  and  lasts  far  less  than  a  minute. 

The  third  stage  or  stage  of  exhauMiotu  In  it,  the  respirations  all  but 
cejise,  the  spasms  give  way  to  flaccidity  of  the  muscles,  there  is  insensi- 
bility^ the  conjunctivae  are  insensitive  and  the  pupils  are  widely  dilatetl. 
Every  now  and  then  a  prolonged  sighing  inspiration  takes  place,  at 
longer  and  longer  intervals  until  they  cease  altogether,  and  death  en- 
sues. During  this  stage  the  pulse  is  scarcely  to  be  felt,  but  the  heart 
may  beat  for  some  seconds  after  respirations  have  quite  ceased.  The 
condition  is  due  to  the  gradual  paralysis  of  the  respinitory  centre  by 
the  prolonged  action  of  the  incre:isingly  venous  blood. 

As  with  the  first  stage,  the  duration  of  the  second  and  third  stages 
depends  whether  the  manner  of  the  deprivation  of  oxygen  is  sudden  or 
graduuL  The  convulsive  stage  is  short,  lasting,  it  may  be,  only  one 
minute.     The  third  stage  may  last  three  minutes  and  upward. 

The  conditions  of  the  vffseulffr  i<ffsicm  in  asphyxia  arer — (1)  More  or 
less  interference  with  the  passage  of  the  blood  through  the  pulmonary 
blood-vessels;  (3)  Accumulation  of  blood  in  the  right  side  of  the  heart 
and  in  the  systemic  veins;  (3)  Circulation  of  impure  (non-aerated) 
blood  in  all  parts  of  the  body. 

After  death  from  asphyxia  it  is  found  in  the  great  majority  of  cases 
that  the  right  side  of  the  hearty  the  pulmonary  arteries,  and  the  systemic 
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veins  are  gorged  with  dark,  almost  black  blood,  and  the  left  side  of  the 
henrt,  the  pulmotiary  veins,  iind  the  arteries  are  empty.  The  explana- 
tion of  the!?e  appeiimncea  maybe  thus  Bummarized:  when  respirulion 
is  stopped,  venous  blood  at  tirsst  passes  freely  through  the  Inngs  to  the 
left  heart,  and  80  to  the  great  arteries.  When  it  reiiches  the  arterioles 
eitlier  by  its  tlirect  action  upon  their  miisculiir  tissue,  or  more  probably 
through  the  medium  of  tht^  vatio-motor  centrus,  the  arterioles  contract, 
particularly  those  of  the  splanchnic  area,  the  blood-pressure  risee  and 
tlie  left  Bide  of  the  heart  becomes  distended.  This  latter  effect  may  be 
from  tlie  extra  action  of  the  right  heart,  but  is  more  probably  du©  to 
the  increased  pL^ipheral  resistance,  and  its  slower  beat.  Although  the 
arterioles  are  contracted,  a  little  blood  is  allowed  to  pass  through  them, 
and  thiii  highly  venous  bluod,  favored  by  the  labored  rospiratory  movo- 
nients,  arrives  at  the  right  side  of  the  heart.  When  it  reaches  the  pul- 
monary arterioles  it  gives  rise  to  the  same  contraction  in  them  as  it  did 
in  the  systemic  vessels.  This  obstruction  to  the  circwlation  through 
the  lungs  causes  a  distended  condition  of  the  right  heart  and  the  pul- 
monary artery,  and  on  the  other  hand,  produces  a  greatly  diminished 
blood -flow  through  the  pulmonary  veins  and  to  the  left  side  of  the  hearty 
resulting  after  a  time  in  practical  emptiness.  So  that  in  the  third  stage 
of  asphyxia  it  is  stated  by  some  observers  that  the  left  heart  gets  into 
the  condition  in  which  it  in  found  after  death.  Others  think  that  the 
empty  condition  of  the  left  heart  is  a  post-mortem  phenomenon.  In 
the  first  and  second  stages  of  the  condition  the  blood-pressnro  continu- 
ously rises  until  it  reaches  a  point  far  above  the  normal.  The  veins  are 
greatly  engorged,  so  that  when  pricked  they  act  as  arteries,  inasmuch  ai 
they  eject  the  blood  for  some  distance.  Both  sides  of  the  heart  and  tht 
pulmonary  vessels  are  engorged  with  blood,  at  any  rate  during  the 
greater  portion  of  these  stages,  and  at  the  third  stage  blood-pressure 
falls  rapidly. 

CffMMe  of  tleoih,— The  causes  of  these  conditions  and  the  manner  in 
which  they  act,  so  as  to  be  incompatible  with  life,  may  be  here  briefly 
considered. 

(1)  The  obstruction  to  the  passage  of  blood  through  the  lungs  occnrs 
chiefly  in  the  hiter  stages  of  asphyxia^  the  obstruction  being  chiefly  in 
the  arterioles,  wldeh  contract  under  the  influence  of  the  vaso^motor 
centre,  or  possibly  of  a  special  part  of  it>  which  governs  the  action  af 
the  pulmonary  blood-vessels. 

(2)  Accumulation  of  blood,  with  consequent  distention  of  the  right 
side  of  the  heart  and  of  the  systemic  veins,  is  the  direct  result,  at  le«it 
in  part,  of  the  obstruction  to  the  pulmonary  circulation  just  referred  lo. 
Other  causes,  however,  are  in  operation-  («)  The  vaso-motor  centrea 
stimulated  by  blood  deficient  in  oxygen,  c^iuse  contraction  of  all  the 
small  arteries  with  increase  of  arterial  tension,  and  as  an  imm 
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consequence  the  filling  of  the  tjysteniic  veins,  {h)  The  increase*!  arterial 
t43iiiJiun  13  followed  by  irihibition  of  the  action  of  the  heart,  and  the 
I'iiaiirt,  contracting  less  frequently,  and  also  gradually  enfeebled  by  defi- 
'  eient  supply  of  oxygen,  becomes  over-distended  with  blood  which  it 
cannot  expel  At  this  stage  the  left  as  wx*!l  aa  the  right  cavities  are 
OTer-distended* 

The  ill  effects  of  these  conditions  are  to  be  looked  for  partly  in  the 
heart,  the  muscular  fibres  of  which,  like  those  of  the  urinary  bladder  or 
uny  other  hollow  muscular  organ,  may  be  paralyzed  by  over-streteliing; 
Mid  partly  in  the  venous  congestion,  and  consequent  interference  with 
the  function  of  the  higher  nerve-centres,  especially  the  medulla  ob» 
lougata. 

(3)  The  passage  of  non-aerated  blood  through  the  lungs  and  its  dis- 
tribution over  the  body  are  events  incompatible  with  life  in  one  of  the 
higher  animals  for  more  than  a  fewmiTMitos;  the  rapidity  with  which 
death  ensues  in  asphyxia  being  due,  more  particularly,  to  the  effect  of 
non-oxygenized  blood  on  the  medulla  oblongata,  and,  through  the 
coronary  arteries,  on  the  muscular  substance  of  the  heart  The  excita- 
bility of  both  nervous  and  muscular  tissue  is  dependent  on  a  constant 
and  large  supply  of  oxygen,  and,  when  this  is  interfered  with,  excita- 
bility is  rapidly  lost. 

EffeetB  of  hrmOiing  gases  other  than  ihe  nfmnttpftere,—T\\^  diminu- 
tion of  oxygen  has  a  more  direct  influence  in  the  production  of  the  usual 
symptoms  of  asphyxia  than  the  increased  amount  of  carbon  eiioxide. 
Indeed,  the  fatal  effect  of  a  gradual  accumulation  of  carbon  dioxide 
in  the  blood,  when  a  due  supply  of  oxygen  is  mjiiiUained,  resembles 
rather  the  action  of  a  narcotic  poison  than  it  does  asphyxia. 

Then  again  w^e  must  carefully  distinguish  the  asphyxiating  effect  of 
an  insntficient  supply  of  oxygen  from  the  directly  poisonous  action  of 
such  gases  as  carbonic  oxide,  which  is  contained  to  a  consitlerable 
amount  in  common  coal-gas.  The  fatal  effects  often  produced  by  this 
gas  (as  in  accidents  from  burning  charcoal  stoves  in  small,  close  rooms) 
are  due  to  its  entering  into  combination  with  the  hfemoglobin  of  the 
blood-corpuseles  and  thus  expelling  the  oxygen.  The  partial  pressure 
of  oxygen  in  the  atmosphere  may  be  considerably  increased  without 
much  effect.  Hydrogen  may  take  the  phice  of  nitrogen  if  the  oxygen 
is  in  the  usual  proportion  with  no  marked  ill  effect.  Sulphuretted 
hydrogen  interferes  with  the  oxygenation  of  blood.  Nitrous  oxide 
acts  directly  on  the  nervous  system  as  a  narcotic.  Certain  gases,  such 
as  carbon  dioxide  in  more  than  a  certain  proportion;  sulphurous 
and  other  acid  gases,  ammonia,  and  chlorine  produce  spasmodic 
closure  of  the  glottis,  and  are  irrespimVjle. 

Ag  conditions  causing  asphyxia  in  addition  to  the  obstruction  to  the 
trachea  or  elsewhere,  and  the  prevention  of  the  meeting  of  the  blood 
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and  the  air  in  the  Inng  tiBgue  by  the  blocking  of  one  or  more  branchM 
of  the  pulmonary  artery,  may  be  mentioned  the  following; 

Aiieration  in  ike  a/nifhyjheric  preHMure* — The  normal  condition  of 
breathing  is  that  the  oxygen  of  the  air  breathed  should  be  at  the  pres- 
sure of  i  of  the  atmosphere,  viz.,  \  of  760  mm.  of  mercury,  or  152  ram., 
but  it  is  found  that  life  may  be  eiirriod  on  by  gradual  diminution  of 
the  oyxgen  pressure  to  considerably  less  than  one  half  of  this^  viz.,  to 
70  mm.,  or  ^  partial  pressure,  which  is  reached  at  an  altitude  above 
15,000  feet,*  Any  pressure  less  than  this  may  begin  to  prod  ace  altera- 
tions in  the  relations  of  the  gases  in  the  blood,  and  if  an  animal  is  sub- 
jected suddenly  to  a  marked  decrease  of  barometric  pressure,  and  so  of 
oxygen  pressure  (below  7  per  cent),  it  is  thrown  into  convulsions,  and  it 
is  found  that  the  gases  are  set  frc^e  in  tlie  blood-vessels,  no  doubt  carbon 
dioxide  and  oyxgen  a^  well  as  nitrogen,  although  the  latter  is  the  only 
one  of  the  three  gases  the  presence  of  which  in  the  vessels  in  death 
from  this  condition  of  affairs  has  been  proved;  the  others  are  said  to 
be  reabsorbed*  Other  derangements  may  precede  this*  e,g.,  bleeding 
from  the  nose,  dyspncea,  and  vascular  derangement.  On  the  other  hand, 
the  oygxen  may  be  gradually  increased  to  a  considerable  extent  without 
marked  effect,  even  to  the  extent  of  8  or  10  atmospheres,  but  when  the 
oxygen  pressure  is  increased  up  to  20  atmosplieres  the  animals  experi- 
mented  upon  by  Paul  Bert  died  with  severe  tetanic  convulsions.  The 
alteration  of  pressure  above  or  below  a  certain  average  affects  primarily 
the  gaseous  interchange  in  the  lungs,  and  then  that  in  the  tissues  gone- 
rally,  but  signs  of  dyspnoea  may  be  produced  as  well  either  by  cutting 
off  the  mtpphj  of  hhtod  fa  the  meduUarif  centres^  or  by  ivarminff  tks  Noad 
of  (he  carofid  arteries  which  supply  them.  The  cause  in  tlie  former 
case  being  the  deprivation  of  oxygen  and  the  accumulation  of  the  car- 
bon dioxide,  and  of  the  latter,  the  increased  metabolism  of  the  centre 
«et  op  by  the  warmed  blood. 


*  For  an  intere«ting  account  of  the  syroptoms  pnnluced  by  diminiahed  atmos- 
pheric prt*swyrt>  in  those  mountiug  to  ver>'  hiji^h  altitudes,  Whymper^s  "^TtaTels 

4mioiJg«t  the  Andt-a  of  the  Equator  *'  may  be  consulted. 


CHAPTER  VIII, 

FOOD  AND  DIGESTION. 

The  object  of  digeBtioti  is  to  bring  the  materials  of  the  food  into 

ich  a  condition  that  they  may  be  taken  up  by  the  blood  and  lymphatic 

rTesaels^  and  so  rendered  available  for  the  wants  of  the  Byetem.     Very 

few  of  these  materials  are  fit  for  this  purpose  when  taken  into  the  body, 

and  the  majority  would  therefore  be  to  all  intents  and  purposes  quite 

aaeless  unless  digested* 

It  is  unnecessary  to  mention  all  the  various  substances  which  may 
have  been  used  as  food  at  some  time  or  another^  and  we  shall  confine  our 
attention  J  therefore,  to  the  chief  and  most  familiar  articles  of  diet. 

We  find,  then,  that  foods  may  be  divided  into  classes  corresponding 
closely  to  those  employed  to  describe  the  chief  substances  of  which  the 
animal  body  consists.  This  classification  may  be  recapitulated  as  fol- 
lows:— 

ORGANIC. 

I.  FiMKia  primarily  coittaining  Nitrogenous  substaiices,  conaisting^  of  Pro- 
tekis,  e. J/,. albumen,  casein,  myosin,  gluten,  legumio  and  their  alliea  ^ 
and   Oelathis,  e.g.,  gelatin^  t^aatin.  and  chondrin, 
II.  FockI  primarily  containing  Non-Nitrogenous  substances,  comprisiog : 
(1.)  Amyloid  or  $acckarim  boiUes,  chemically  known  eui  carbo  hydrates ; 

e.g.,  starches  and  sugars. 
(2.)   Oils  (liid  fafs. — These  substances  con taie  carbon,  hydrogen,  and  oxy- 
gen, but  the  oxygen  is  less  in  amount  than   in  the  amj^loids  and 
saccharine  bodies. 

INORGANIC. 

L  Ftxxls  which  supply  Mineral  and  saline  matter, 
IL   Liquid  focKl  containing  chiefly  Water. 

Man  requires  that  the  chief  part  of  his  food  ehonld  be  cooked.  Very 
few  organic  substances  can  be  properly  digested  without  previous  ex- 
posure to  heat  and  to  other  manipulationa  which  constitute  the  proeeea 
of  cooking. 

Organic  nitrogenous  foods, 

rt,— The  Fiesh  of  AnijnalSf  e,f^.^  of  the  ox  (heef,  veal),  sheep  (mutton, 
lamb),  pig  (pork,  hacon^  ham). 

Of  these,  beef  is  richest  in  nitrogenous  matters,  containing  about  20 
per  centj  whereas  mntton  contains  about  18  per  cent,  ve^l  1G,5,  and 
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pork,  10;  beef  is  also  firmer,  more  satisfying,  and  is  supposed  to  \» 
more  strengthening  than  mutton,  whereas  the  latter  is  more  digestible. 
The  flesh  of  young  animals,  such  as  lamb  and  veal,  is  less  digestible  and 
less  nutritious.  Pork  is  comparatively  indigestible,  and  contains  a 
large  amount  of  fat. 

Flesh  contains: — (1)  Nitrogenous  bodies;  chiefly  myosin,  and  one  or 
more  globulins;  serum-albumin,  gelatin  (from  the  interstitial  fibrou 
connective  tissue);  elastin  (from  the  elastic  tissue),  as  well  as  hamo- 
globin.  (2)  Fatty  matters,  including  lecithin  and  cholesterin.  (3)  Ex- 
tractive  matters,  some  of  which  are  agreeable  to  the  palate^  e.g.  osmatom$t 
and  others,  which  are  weakly  stimulating,  e.g.,  creatin.  Besides,  there 
are  sarcolactic  and  inositic  acids,  taurin,  xanthin,  and  others.  (4)  Saltg, 
chiefly  of  potassium,  calcium,  and  magnesium.  (5)  Water,  the  amount 
of  which  varies  from  15  per  cerit  in  dried  bacon  to  39  in  pork,  51  to  ^ 
in  fat  beef  and  mutton,  to  72  per  cent  in  lean  beef  and  matton.  (6)  A 
certain  amount  of  carbo-hydrate  material  is  found  in  the  flesh  of  some 
animals,  in  the  form  of  inosite,  dextrin,  grape  sugar,  and  (in  young 
animals)  glycogen. 


OF  Percentage  Composition 

OF  Beef. 

Mutton, 

Pork, 

AND  Veal. 

(Letheby.) 

Water. 

Albumen. 

Fsta. 

Salts. 

Beef.— Lean    .... 

72 

19.8 

8.6 

5.1 

Fat  . 

51 

14.8 

29.8 

4.4 

Mutton. — Lean 

72 

18.3 

4.9 

4.8 

Fat      .        .        . 

53 

12.4 

81.1 

8.5 

Veal 

68 

16.5 

15.8 

4.7 

Pork.— Fat 

39 

9.8 

48.9 

2.8 

Together  with  the  flesh  of  the  above-mentioned  animals,  that  of  the 
deer,  hare,  rabbit,  and  birds,  constituting  venison,  game,  and  poultry, 
should  be  added  as  taking  part  in  the  supply  of  nitrogenous  substances, 
and  sklsojish — salmon,  eels,  etc.,  and  shelUjish,  e.g.,  lobster,  crab,  mussels, 
oysters,  shrimps,  scollops,  cockles,  etc. 

Table  of  Percent  age  Composition  of  Poultry  and  Fish.— (Lethbby.) 

Water.       Albumen.        Fats.  Salts. 

Poultry 74  21  3.8  1.2 

(Singularly  devoid  of  fat,  and  is  therefore  generally  eaten  with  bacon 
or  pork.) 

Water.       Albumen.  Fats.  Salts. 

White  Fish      ....        78            18.1  2.9  1. 

Salmon        ....              77            16.1  5.5  1.4 

Eels  (very  rich  in  fat)    .                 75             9.9  13.8  1.8 

Oysters        ....              75.74      11.72  2.42  2.78 

(7.39  consist  of  non-nitrogenous  matter  and  loss.)     (Payen.) 
Even  now  the  list  of  fleshy  foods  is  not  complete^  as  the  flesh  of 
nearly  all  animals  has  been  occasionally  eaten,  and  we  may  presume 
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that   except  for  diHerenee  of  flavor,  etc.,  the  average   composition    is 
nearly  the  game  in  every  case. 

ft,  Jfilk,* — 1b  intended  tie  the  entire  food  of  yoong  animals,  and  as 
such  contttina,  when  pure,  all  the  elements  of  a  typical  diet,  (1)  Albu- 
minous substances  in  the  form  of  vaHf^inugen,  and  nerum  or  hci-albfimin. 
{2)  Fats  in  the  cream,  (3)  Carho-liyd rates  in  the  form  of  htrioso  or  milk 
sugar.  (4)  Salts,  chiefly  mkiumphuHphftft*;  and  (5)  Water*  From  it  we 
obtain  (<x)  cheese,  which  is  the  clotted  casein ogen  or  cuseiu  precipitated 
with  more  or  less  of  fat  according  as  the  cheese  is  made  of  skim  milk 
(skim  cheese),  of  fresh  milk  with  itscreiim  (Cheddar  and  Clieshire),  or  of 
fresh  milk  plus  cream  (Stilton  and  double  Gloucester).  The  precipi- 
tated casein  is  allowed  to  ripen,  by  which  process  some  of  the  al- 
bumin is  further  split  up,  with  formation  of  fat.  (fi)  Cream,  consists  of 
the  fatty  globules  encased  in  caseinogen  and  serum-albumin,  and  which 
being  of  low  specific  gravity  float  to  the  surface,  (r)  Butter,  or  the 
fatty  matter  deprived  of  ito  proteid  envelope  by  the  proceds  of  churning. 
('?)  Buttermilk^  or  the  fluid  obtained  from  cream  after  hotter  has  been 
formed;  very  rich  therefore  in  nitrogen,  (f)  H7/e^,  or  the  fluid  which 
remains  after  the  precipitation  of  casein;  it  contaius  sugar,  salt,  and  a 
small  quantity  of  albumen. 

Table  of  Composttioh  of  Milk.  Buttermilk.  Cream,  akb  Chsiss.^(L.btrbby 

AJ.D  Pa  YEN.) 


Kltro^Qous  uiAtterH,  F«ts. 

Lactose.       Salts. 

Water. 

Milk  {Cow) 

4,1 

8,© 

5,2              .8 

86 

Bntii'rmilk 

4,1 

.7 

6.4             .8 

88 

Crea  m 

2.7 

2«.7 

2.8           1.8 

66 

Clieese.—Skim 

44.8 

«.3 

—            4.9 

44 

Ch^w.— Cheddar 

28.4 

ai,i 

^            4.5 

matt**r  anci  Iohh. 

80 

Cheese,  —yeufchate 

UFrenh),               8. 

40,71 

m.m       .51 

36.58 

c.  Egg^i. — The  yolk  and  albumen  of  eggs  are  in  the  same  relation  as 
food  for  the  embryos  of  oviparous  animals  that  milk  is  to  the  young  of 
mammalia,  and  afford  another  example  of  the  natural  admixture  of 
the  various  alimentary  principles.  The  proteids  of  eggs  are  egg-albumin 
and  globulins,  of  which  the  viielUn  of  the  yolk  is  most  important; 
nuclein  in  combinatioti  with  iron  is  also  found.  In  addition  to  tlie 
three  common  fats  there  is  a  yellow  fat,  Inteiu  (lipoehome),  a  small 
quantity  of  grape  sugar;  ht'itkin,  and  chohnierin  and  inorganic  salts, 
chiefly  potassium  chloride  and  phosphates. 

Table  of  the  Percentage  Composttion  of  Fowls*  Egos. 

Nftroi^noiis  nubiJtaQees.        F&tM.         Salts.        Water, 

White 20.4  =  1.6  78 

Yolk  .         .         .         ,  10.  30.  T  1.3  53 

*  The  details  of  the  composition  of  milk  will  be  discussed  in  the  Chapter  on 
Secretion, 
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d.  Leguminous  fruits  are  used  by  yegetarians,  as  the  chief  source  of 
the  nitrogen  of  the  food.  Those  chiefly  used  are  peas,  beans,  lentiUf 
etc.,  they  contain  a  nitrogenous  substance  called  legumin,  allied  to 
albumen.  They  contain  about  25.30  per  cent  of  this  nitrogenous  body^ 
and  twice  as  much  nitrogen  as  wheat. 

Organic  non-nitrogenous  foods. 

L  Carbo-hydrates. — a.  Bread,  made  from  the  ground  grain  obtained 
from  various  so-called  cereals,  viz.,  wheat,  rye,  maize,  barley,  rice,  oats, 
etc.,  is  the  direct  form  in  which  the  carbo-hydrate  is  supplied  in  an 
ordinary  diet.  It  contains  starch,  dextrin,  and  a  little  sugar.  It  also, 
besides  these,  contains  gluten,  composed  of  several  vegetable  proteids, 
and  a  small  amount  of  fat. 

Table  op  Percentage  CoMPOsmoN  of  Bread  and  Flour. 


Nitroeenous 
matters. 

Carbo- 

hydrates. 

Fats. 

Salts. 

Water. 

8.1 

51. 

1.6 

2.t 

87 

10.8 

70.85 

2. 

1.7 

15 

Bread 

Flour  .... 

Various  articles  of  course  besides  bread  are  made  from  flour,  e.g., 
sago,  macaroni,  biscuits,  etc.  There  is  dextrine  and  a  small  amount  of 
dextrose  in  bread,  particularly  in  the  crust. 

b.  Vegetables,  especially  potatoes.  They  contain  starch  and  sugar. 
In  cabbage,  turnips,  etc.,  the  salts  of  potassium  are  abundant. 

c.  Fruits  contain  sugar,  and  organic  acids,  tartaric,  malic,  citric, 
and  others. 

d.  Sugar,  chiefly  saccharose,  used  pure  or  in  various  sweetmeats. 

//.  Oils  and  fats, — The  substances  supplying  the  oils  and  fats  of  the 
food  are  chiefly  butter ,  bacon  and  lard  (pig^s  fat),  suet  (beef  and  mutton 
fat),  and  vegetable  oils.  These  contain  olein,  stearin,  and  palmitin. 
Butter  contains  others  in  addition,  while  vegetable  oils,  as  a  rule,  con- 
tain no  stearin. 

Mineral  or  Inorganic  Foods. 

The  salts  of  the  food. — Nearly  all  the  foregoing  substances  in  the 
preceding  classes,  contain  a  greater  or  less  amount  of  the  salts  required 
in  food,  but  green  vegetables  and  fruit  supply  certain  salts,  chiefly 
potassium,  without  which  the  normal  health  of  the  body  cannot  be 
maintained. 

Sodium  chloride  is  an  essential  food;  it  is  contained  in  nearly  all 
solids,  but  so  much  is  required  that  it  has  also  to  be  taken  as  a  condi- 
ment. Potassium  salts  are  supplied  in  muscle,  nerve,  in  meats  generally, 
and  in  potatoes.  Calcium  salts  are  supplied  in  eggs,  blood  of  meat,  wheat 
and  vegetables.     Iron  is  contained  in  haemoglobin,  in  milk,  eggs,  and 
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\  Tegetables,  It  is  derived  in  all  cases,  so  it  is  supposed,  by  organic 
compounds,  into  which  it  is  built  up  during  plant  life,  or  during  the  life 
of  other  animals  (haematogens). 


I 


Liquid  Foods. 

Water  is  consumed  alone,  or  together  with  certain  other  substances 
used  to  flavor  it,  e.f/.,  tea,  coffee,  etc*  Tea  in  moderation  is  a  stimulant, 
and  contains  an  aromatic  oil  to  which  it  owes  its  peculiar  aroma,  an 
astringent  of  the  nature  of  tannin,  and  an  alkaloid,  iheine.  The  composi- 
tion of  coffee  is  very  nearly  similar  to  that  of  tea.  Cocoa,  in  addition 
to  similar  substances  contained  in  tea  and  coffee,  contains  fat,  albumin- 
ous matter  and  starch,  and  must  be  looked  upon  more  as  a  food. 

Beer,  in  various  forms,  is  an  infusion  of  inaU  (barley  which  has 
sprouted,  and  in  whicli  its  starch  is  converted  in  great  part  into  sugar), 
boiled  with  hops  and  allowed  to  ferment.  Beer  contains  from  1.2  to  8,8 
per  cent  of  alcohol. 

Cider  and  Perrt/,  the  fermented  juice  of  the  apple  and  pear. 

IfVwf,  the  fermented  juice  of  the  ^ape,  contains  from  6  or  7  (Rhine 
wines,  and  white  and  red  Bordeaux)  to  34-25  (ports  and  sherries)  per 
cent  of  alcohol. 

SpirifM,  obtained  from  the  distillation  of  fermented  liquors.  They 
contain  upward  of  40-70  per  cent  of  absolute  alcohoL 

The  effect  of  cooking, ^ — In  general  terms  this  may  be  said  to  make 
the  food  more  easily  digestible;  tliis  usually  implies  two  alterations, — 
food  is  mado  more  agreeable  to  the  palate  and  also  more  pleasing  to  the 
eye*  Cooking  consists  in  exposing  the  food  to  various  degrees  of  heat, 
either  to  the  direct  heat  of  the  fire,  as  in  roasting,  or  to  the  indirect 
heat  of  the  fire,  as  in  broiling,  baking,  or  frying,  or  to  hot  water,  as  in 
boiling  or  stewing.  The  effect  of  heat  upon  (^0  ^esh  is  to  coagulate  the 
albumen  and  coloring  matter,  to  solidify  fibrin,  and  to  gelatinize  ten- 
dons and  fibrous  connective  tissue.  Previous  beating  or  bruising  (as 
with  steaks  and  chops)  or  keeping  (as  in  the  case  of  game),  renders  the 
meat  more  tender.  Prolonged  exposure  to  heat  also  develops  on  the  sur- 
face certain  einpyreumatic  bodies,  which  are  agreeable  both  to  tlie  taste 
and  sraelL  By  placing  meat  in  hot  water,  the  external  coating  of  albu- 
men is  coagulated,  and  very  little,  if  any,  of  the  constituents  of  the 
meat  are  lost  afterward  if  boiling  be  prolonged;  but  if  the  constituents 
of  the  meat  are  to  be  extracted,  it  should  be  exposed  to  prolonged  sim- 
mering at  a  much  lower  temperature, and  the  **broih^*  will  then  contain 
the  gelatin  and  extractive  matters  of  the  meat,  as  well  as  a  certain 
amount  of  albumen.     The  addition  of  ©alt  will  help  to  extract  mi/o,nfi. 

The  effect  of  boiling  {b)  an  egg  is  to  coagulate  the  albumen,  which 

helps  to  render  it  more  easily  digestible.     Upon  {c)  milk,  the  effect  of 
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heat  is  to  produce  a  scum  composed  of  albumen  and  a  little  caBelnogen 
(the  greater  part  of  the  caseinogen  being  uncoagulated)  with  some  fat 
Upon  {(i)  vegetables^  the  cooking  produces  the  necessary  effect  of  ren- 
dering them  softer,  so  that  they  can  be  more  readily  broken  up  in  the 
mouth ;  it  also  causes  the  starch  grains  to  swell  up  and  burst,  and  so 
aids  the  digestive  fluids  in  penetrating  into  their  substance.  The  albu- 
minous matters  are  coagulated,  and  the  gummy,  saccharine  and  saline 
matters  are  removed.  The  conversion  of  flour  into  dough  is  effected  by 
mixing  it  with  water,  and  adding  a  little  salt  and  a  certain  amount  of 
yeast.  Yeast  consists  of  the  cells  of  an  organized  ferment  {Tartda 
cerevi{fi(p),  and  it  is  by  the  growth  of  this  plant,  changing  by  ferment 
action  the  sugar  produced  from  the  starch  of  the  flour,  that  a  quantity 
of  carbonic  acid  gas  and  alcohol  is  formed.  By  means  of  the  former 
the  dough  rises.  Another  method  of  making  dough  consists  in  mixing 
the  flour  with  water  containing  a  large  quantity  of  carbonic  acid  gas  in 
solution. 

By  the  action  of  heat  during  baking  (d)  the  dough  continnes  to  ex- 
pand, and  the  gluten  being  coagulated,  the  bread  sets  as  a  permanently 
vesiculated  mass. 

The  food  is  flrst  of  all  received  into  the  mouth,  and  is  subjected  to 
the  action  of  the  teeth  and  tongue,  being  at  the  same  time  mixed  with 
the  flrst  of  the  digestive  juices — the  saliva.  It  is  then  swallowed,  and, 
passing  through  the  pharynx  and  oesophagus  into  the  stomach,  is  sub- 
jected to  the  action  of  the  gastric  juice — the  second  digestive  juice. 
Thence  it  passes  into  the  intestines,  where  it  meets  with  the  Inle,  the 
pancreatic  juice,  and  the  intestifial  juices,  M  of  which  exercise  an  in- 
fluence upon  the  portion  of  the  food  not  already  absorbed  from  the 
stomach.  By  this  time  most  of  the  food  is  digested,  and  the  residue  of 
undigested  matter  leaves  the  body  in  the  form  of  fcsces  by  the  external 
opening  of  the  bowel. 

The  Mouth  is  the  cavity  contained  between  the  jaws  and  inclosed 
by  the  cheeks  laterally,  the  lips  anteriorly;  behind,  it  opens  into  the 
pharynx  by  the  fauces,  and  is  separated  from  the  nasal  cavity  above, 
by  the  hard  palate  in  front,  and  the  soft  palate  behind,  which  forms  its 
roof.  The  tongue  forms  the  lower  part  or  floor.  In  the  jaws  are  con- 
tained the  teeth,  and  when  the  mouth  is  closed  these  form  its  anterior 
boundaries.  The  whole  of  the  cavity  of  the  mouth  is  lined  with  strati- 
fied epithelium,  of  which  the  superficial  layers  are  squamous.  This 
epithelium  is  continuous  at  the  lips  with  that  of  the  skin  anteriorly, 
and  posteriorly  with  that  of  the  pharynx.  The  mucous  membrane 
itself,  varying  in  thickness  in  various  parts,  and  consisting  of  a  fine 
areolar  connective,  in  which  is  found  adenoid  tissue  in  considerable 
amount,  is  provided  with  numerous  small  kibular  glands  lined  with 
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colamniir  epithelium,  and  resembling  in  structure  the  mucous  salivary 
glands^  to  be  presently  described.  Into  the  bucciil  cavity  open  the 
ductd  of  the  salivary  glands,  which  are  three  in  number  on  either  side. 

In  the  mouth,  then,  the  food  is  subjected  to  the  action  of  the  teeth, 
or  is  masticated,  and  is  mixed  with  saliva.  These  processes  of  mastica- 
tion and  in  salivation  must  be  considered  more  in  detaU, 

Mastication.— The  act  of  chewing,  or  mastication,  is  performed  by 
the  biting  and  grinding  movement  of  the  lower  range  of  teeth  against 
the  upper.  The  simultaneoua  movements  of  the  tongue  and  cheeks 
assist  partly  by  crushing  the  softer  portions  of  the  food  against  the 
hard  pakte  and  gums^  and  thus  supplementing  the  action  of  the  teeth, 
and  partly  by  returning  the  morsels  of  food  to  the  action  of  the  teeth, 
again  and  again »  as  they  are  squeezd  out  from  between  them,  until  the 
have  been  sufficiently  chewed. 

Muifvles. — The  simple  up  and  down,,  or  biting  movements  of  the 
lower  jaw,  are  performed  by  the  temporal^  wa,ssfter,  and  internal  ptery- 
k|wi>/  muscles,  the  action  of  which  in  closing  the  jaws  alternates  with  that 
^if  the  digajitrir  and  other  muscles  passing  from  the  os  hyoides  to  the 
I  lowor  jaw,  which  open  them.  The  grinding  or  side  to  side  movements 
F  of  the  lower  jaw  are  performed  mainly  by  the  external  pterygoid  mus- 
cles, the  nmscle  of  one  side  acting  alternately  with  the  other.  When 
both  external  pterygoids  act  together,  the  lower  jaw  is  pulled  directly 
forward,  so  that  the  lower  incisor  teeth  ore  brought  in  front  of  the  level 
of  the  apper. 

TemporO'tnaxiUarg  Pibro-Cartilage,  —  The  function  of  the  inter- 
niietilo-fibro-cartilage  of  the  temporo*maxillary  joint  in  mastication  is 
to  aerve: — ^(1)  As  an  elastic  pad  to  distribute  the  pressure  caused  by 
the  exceedingly  powerful  action  of  the  masticatory  muscles.  (2)  As  a 
joint -surface  or  socket  for  the  condyle  of  the  lower  jaw  when  the  latter 
haa  been  partially  drawn  forward  out  of  the  glenoid  C4ivity  of  the  tem- 
poral bone  by  the  external  pterygoid  muscle,  some  of  the  fibres  of  the 
latter  being  attached  to  its  front  surface,  and  consequently  drawing  it 
forvard  with  the  condyle  which  moves  on  it. 

3>rroMJ»  Mtchanimt. — The  act  of  mastication  is  partly  voluntary  and 
|Murtly  reflex  and  involuntary.  The  consideration  of  such  nervous 
aiotioiLi  will  come  hereafter.  It  will  suffice  here  to  state  that  the  affer- 
ent nerves  chiefly  concerned  are  the  sensory  branches  of  the  fifth  and 
tba  tenth  or  glosso-pharyngeal,  and  the  efferent  are  the  motor  branches 
of  the  fifth  and  the  twelfth  (hypoglossal)  cerebral  nerves.  The  nerve- 
eecitr<e  through  which  the  reflex  action  occurs,  and  by  which  the  move- 
ra«iila  of  the  various  muscles  are  harmonized,  is  situated  in  the  medulla 
abloogata.  In  so  far  as  mastication  is  voluntary  or  mentally  perceived^ 
is  under  the  influence  of  the  cerebral  hemispheres. 
ItiSaliwmtioiL — The  act  of  mastication  is  much  assisted  by  the  saliva 
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which  is  secreted  by  the  salivary  glands  in  largely  increaaed  amount 
during  the  process,  and  the  intimate  incorporation  of  which  with  the 
food,  m  it  is  being  chewed,  is  termed  insaUvaiiofu 


The  Sahvary  Glands. 

The  glands  which  secrete  the  saliva  in  the  human  subject  are  the 
salivary  glands  proper,  viz.,  the  parotid^  the  sub-maxillary^  and  the 
mth4ingmd^  and  numeroLis  smaller  bodies  of  similar  structure,  and  witli 
eepanite  ducts,  which  are  scattered  thickly  beneath  the  mucous  mem- 
brane of  the  lips,  cheeks,  soft  palate,  and  root  of  the  tongue. 

Struciure^^-The  salivary  glands  are  compound  tubular  or  tubulo- 
raoemoee  glands.  They  are  made  up  of  lobules.  Each  lobule  consists 
of  the  branchings  of  a  subdivision  of  the  main  duct  of  the  gland^  which 


Ffg.  221.— Section  nf  sub-maxlllaFy  glaad  of  doe.    Showing  gljuid  cells,  h,  ftud  a  duct  fl,  In  aecttct- 

(Kolliker  ) 

is  generally  more  or  less  convoluted  toward  its  extremities,  and  some- 
times, according  to  some  observers,  sacculated  or  pouched.  The  con- 
vluted  or  pouched  portions  form  the  alrfo!i\  or  proper  secreting  part« 
of  the  gland.  The  alveoli  are  composed  of  a  basement  membrane  of 
flattened  cells  joined  together  by  processes  to  produce  a  fenestrate<i 
membrane,  the  spaces  of  which  are  occupied  by  a  homogenous  ground- 
substance.  Within,  upon  this  membrane,  which  forms  the  tube,  the 
nucleated  salivary  secreting  cells,  of  cubical  or  columnar  form,  are  ar- 
ranged parallel  to  one  another  enclosing  a  centml  canal  The  granular 
appearance  frequently  seen  in  the  salivary  cells  is  due  to  the  very  dense 
network  of  fibrils  which  they  contain.  When  isolated,  the  cells  not  in- 
frequently are  found  to  be  branched.  Connecting  the  alveoli  into  lobules 
is  a  considerable  amount  of  fibrous  connective  tissue,  which  contains 
both  flattened  and  granular  protoplasmic  cells,  lymph  corpu sclent  and 
in  some  cases  fat  cells.  The  lobules  are  connected  to  form,  larger  lobules 
(lobes),  in  a  similar  manner.  The  alveoli  pass  into  the  intralobuliir 
ducts  bya  narrowed  portion  (intexcalary),  lined  with  flattened  epithe- 
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lium  with  elongated  nucleL  The  intercakry  ducts  pass  into  the  intra- 
lobular ducts  by  a  narrowed  neck,  lined  with  eubicitl  cells  with  small 
nuclei.  The  intralobular  duct  is  larger  in  eize^  and  is  lined  with  large 
columnar  nucleated  cells,  the  parts  of  which,  toward  the  lumen  of  the 
tube,  present  a  fine  longitudinal  striation,  due  to  the  arrangement  of 
the  cell  network.  It  is  most  marked  in  the  submaxillary  gland.  The 
intralobular  ducts  pass  into  the  larger  ducts,  and  these  into  the  main 
duct  of  the  gland.  As  these  ducts  become  larger  they  acquire  an  out- 
ride coating  of  connective  tissue,  and  later  on  some  uDstriped  muscular 
fibres.  The  lining  of  the  larger  ducts  consists  of  one  or  more  layers  of 
columnar  epithelium,  the  cells  of  which  contain  an  intracellular  net- 
work of  fibres  arranged  longitudinally. 

Varieties, — Certain  differences   in  the  structure  of  salivary  glands 
may  be  observed  according  as  the  glands  eecrete  pure  saliva,  or  saliva 
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I  mwet^tm  tilrom^  a  tme  sail  vary  Kl^od.   a,  The  0iKad  alveotl.  lined  with  aTbuminous 
*  saliTanr  oeUfl ; "  b,  iotralobuior  duct  cut  traiiSTeraetjr.    CKleIn  aod  Koble  BmiUi.) 


mixed  with  mucus^  or  pure  mucus,  and  therefore  the  glands  have  been 
elassified  as: — 

(1)  True  salivary  glands  (called  most  unfortumitely  by  some,  serous 
glands),  e,g.y  the  parotid  of  man  and  other  animals,  and  the  submaxil- 
lary of  the  rabbit  and  guinea-pig  (fig*  222).  In  this  kind  the  alveolar 
lumen  is  small,  and  the  cells  lining  the  tubule  are  short  granular  colum- 
nar cells,  with  nuclei  presenting  the  intranuclear  network-  During  rest 
the  cells  become  larger,  highly  granular,  with  obscured  nuclei,  and  the 
lumen  becomes  smaller.  During  activity,  and  after  stimulation  of  the 
gympathetic^  the  cells  become  smaller  and  their  contents  more  opaque; 
the  granules  first  of  all  disappearing  from  the  outer  part  of  the  cells, 
and  then  being  found  only  at  the  extreme  inner  part  and  contiguous 
border  of  the  cell     The  nuclei  reappear,  as  does  also  the  lumen. 

(2)  In  the  true  m  u  cm-sec  re  f  hi  g  f/iandSyHa  the  sublingual  of  man  and 
other  animals,  and  in  the  submaxillary  of  the  dog,  the  tubes  are  larger, 
contain  a  larger  lumen,  and  also  have  larger  cells  lining  them.  The 
cells  are  of  two  kinds,  {a)  mucous  or  central  cells,  which  are  transparent 
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columnar  cells  with  irregular  or  flattened  nuclei  near  the  basement  mem- 
brane*  The  cell  substance  is  made  up  of  a  fine  network,  which  in  Uw 
resting  state  contains  a  transparent  substance  called  n^ucigen,  during 
which  the  cell  does  not  stain  well  with  logwood  {fig,  223).  When  the 
gland  is  secreting,  as  well  as  on  stimulation  of  the  nerve,  mucigen  is  con- 
verted into  mncin,.  and  the  cells  swell  up,  appear  more  transparent,  and 
stain  deeply  in  logwood  (fig,  224).  After  stimulation,  the  cells  become 
smaller,  more  granular,  and  more  easily  stained,  from  having  discharged 
their  contents.  The  nuclei  appear  more  distinct,  (b)  Crescents  of  Gia- 
WW £2*',  sometimes  called  the  SemihineH  of  IMdenhain  (fig.  223),  which 
are  crescentic  masses  of  granular  parietal  cells  found  here  and  there  be- 
tween the  basement  membnme  and  the  central  cells.  The  cells  com- 
posing the  mass  are  small,  and  have  a  very  dense  reticulum^  the  nuclei 


Ftg.  223. 


Fig.  ^34, 


Fig,  2£8.— From  i^  aeotion  throygh  a  riucour  gland  In  &  quiescent  eUie.  The  alveoU  are  Used 
with  tnuiBparent  mucous  cells,  ami  outtudf^  tbei^  are  Qie  seuiilunes.  The  oella  should  hftve  been 
repmentaiJ  as  more  or  teaw  gnuiular.    ( lleiflenhaiu.^ 

Fig.  S^i—A  part  of  n  section  through  a  toucouh  gland  after  prolonged  dectHcal  rtiTTnilatiofc 
The  alveoli  are  Imed  with  aiuall  granular  cells.    (LavdovB^  L) 

are  spherical,  and  increase  in  size  during  secretion.  In  the  mucous 
gland  there  are  some  large  tubes,  lined  witli  large  transparent  central 
cells,  and  having  besides  a  few  granular  parietal  cells;  other  small  tubes 
are  lined  with  small  granular  parietal  cells  alone;  and  a  third  variety 
are  lined  equally  with  each  kind  of  cell. 

(3)  In  the  mueo-miirari^  or  mLrtd  (f lands,  as  the  human  subraaxillary 
gland,  part  of  the  gland  presents  the  stmctnre  of  the  mucous  gland, 
while  the  remainder  has  that  of  the  salivary  glands  proper, 

Neri^es  and  Mood- vesiieh.—^ err (^b  of  large  size  are  found  in  the  sali- 
vary glands;  they  are  principally  contained  in  the  connective  tissue  of 
the  alveoli,  and  in  certain  glands,  especially  in  the  dog,  are  provided 
with  ganglia.  Some  nerves  have  special  endings  in  Pacinian  corpuscles, 
some  supply  the  blood-veagels,  and  others,  according  to  Pfluger,  pene- 
trate the  basement  membrane  of  the  alveoli  and  enter  the  salivary  cells. 

The  blood*veasela  form  a  dense  capillary  network  around  the  ducts 
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t,th©  alveoli,  being  carried  in  by  the  fibrons  trabectilee  between  tbe 
ali»  in  which  also  begin  the  lytnpbatic^  by  lacunar  spaces. 
The  so-called  mncons  glands  of  the  month  and  tongue  present  in 

^me  cases  the  stractures  of  mucous^  in  others  of  serous  glands. 


Saliva. 

Saliva,  as  it  commonly  flows  from  the  mouth,  is  the  mixed  secretion 
'  of  the  salivary  glands  proper  and  of  the  ghinds  of  the  buccal  mucous 
I      membrane  and  tongue;  it  is  often  mixed  with  nir,  which,  being  retained 
Hfcy  iU  viscidity,  makes  it  frothy.     When  obtained  from   the  parotid 
HoQcts,  and  free  from  mucus,  saliva  is  a  trnnsparent  watery  fluid,  the 
^r»}>ecilic  gravity  of  which  varies  from  11)04  to  1U08,  and  in  which^  when 
examined  with  the  microscope,  are  found  floating  a  number  of  minute 
particles,  derived  from  the  secreting  ducts  and  vesicles  of  the  glands. 
In  the  impure  or  mixed  saliva  are  found,  besides  these  particles,  numer- 
ous epithelial  scales  separated  from  the  surface  of  the  mucous  mem- 
Ibrane  of  the  mouth  aud  tougue,  and  the  so-culled  salivary  corpuscles, 
jdischarged  probably  from  the  mucous  glands  of  the  mouth  and   the 
>-ion3ils,  which,  when  the  saliva  is  collected  in  a  deep  vessel,  and  left  at 
^fest,  subside  in  the  form  of  a  white  opaque  matter,  leaving  the  super- 
natant salivary  fluid  transparent  and  colorless,  or  with  a  pale  bluish- 
gray  tint.     It  also  contains  various  kinds  of  micro-organisms  (bacteria). 
In  reavfioHf  the  sjiliva,  when  first  secreted,  appears  to  be  always  alka- 
ine.     During  fasting,  the   saliva,  although   secreted   alkaline,   shortly 
becomes  neutral;  especially  when  it  is  secreted  slowly  and  is  allowed  to 
mix  with  the  acid  mucus  of  the  mouth,  by  which  its  alkaline  reaction  is 
reutralized. 

Ckemical  Composition  of  Mixed  Saltva  (FfeERiCBS). 


Water 

094.  IC 

SoHda  :— 

Ptyalin 

K41 

• 

Fat        . 

0,07 

Epithelium  and  Proteids  (including  Serum 

Al burn io.  Globulin,  Mucin,  etc-.) 

2.18 

Salts  :- 

Potass  iuin  Sulpho- Cyan  ate            ,         ,       ' 

SocHuui  Phfwp  late    ,         . 

Calcium  Fhi>sriliate 

3.29 

Maj^nesium  PlKisphate                       .         . 

Soflium  Chloride           .         .         ,         . 

Potassium  Chloride  . 

5.9 
1000 

The  mucin  ia  the  largest  representative  of  the  organic  nitrogenous 
class  of  bodies  in  the  saliva;  it  may  be  thrown  down  by  addition  of 
acetic  add,  if  Bodium  chloride  be  absent.     It  gives  the  three  chief  pro- 
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teid  reactions,  and  may  easily  be  split  up  by  the  action  of  a  dilute  min- 
eral acid  into  a  proteid,  and  a  substance  which  will  reduce  copper  sul- 
phate solutions,  but  which  is  not  exactly  a  sugar. 

The  presence  of  potassium  sulphocyanate  (or  thiocyanaie)  (CNK8) 
in  saliva,  may  be  shown  by  the  blood-red  coloration  which  the  fluid 
gives  with  a  solution  of  ferric  chloride  (FeaCU),  and  which  is  bleached 
on  the  addition  of  a  solution  of  mercuric  chloride  (HgCla)^  but  not  by 
hydrochloric  acid. 

Rate  of  Secretion  and  Quantity. — The  rate  at  which  saliva  is  secreted 
is  subject  to  considerable  variation.  When  the  tongue  and  rnnsdei 
concerned  in  mastication  are  at  rest,  and  the  nerves  of  the  mouth  are 
subject  to  no  unusual  stimulus,  the  quantity  secreted  is  not  more  than 
sufficient,  with  the  mucus,  to  keep  the  mouth  moist.  During  actual 
secretion  the  flow  is  much  accelerated. 

The  quantity  secreted  in  twenty-four  hours  varies:  its  average 
amount  is  probably  from  1  to  3  pints  (i  to  1^  litres). 

Uses  of  Saliva. — The  purposes  served  by  saliva  are  (a)  mechanical 
and  {h)  chemical. 

a.  Mechanical. — (1)  It  keeps  the  mouth  in  a  due  condition  of  moist- 
ure, facilitating  the  movements  of  the  tongue  in  speaking,  and  the 
mastication  of  food.  (2)  It  serves  also  in  dissolving  sapid  substanoee' 
and  rendering  them  capable  of  exciting  the  nerves  of  taste.  But  the 
principal  mechanical  purpose  of  the  saliva  is,  (3)  that  by  mixing  with 
the  food  during  mastication,  it  makes  it  a  soft  pulpy  mass,  such  as  may 
be  easily  swallowed.  To  this  purpose  the  saliva  is  adapted  both  by 
quantity  and  quality.  For,  speaking  generally,  the  quantity  secreted 
during  feeding  is  in  direct  proportion  to  the  dryness  and  hardness  of 
the  food.  The  quality  of  saliva  is  equally  adapted  to  this  end.  It  \a 
easy  to  see  how  much  more  readily  it  mixes  with  most  kinds  of  food  than 
water  alone  does;  and  the  saliva  from  the  parotid,  labial,  and  other 
small  glands,  being  more  aqueous  than  the  rest,  is  that  which  is  chiefly 
braided  and  mixed  with  the  food  in  mastication ;  while  the  more  viscid 
mucous  secretion  of  the  submaxillary,  palatine,  and  tonsillitic  glands 
is  spread  over  the  surface  of  the  softened  mass,  to  enable  it  to  slide 
more  easily  through  the  fauces  and  oesophagus. 

{h)  Chemical. — The  chemical  action  which  the  saliva  exerts  upon  the 
food  in  the  mouth  is  to  convert  the  starchy  materials  which  it  contains 
into  sugar.  This  power  the  saliva  owes  to  one  of  its  constituents  ptya- 
liny  which  is  a  nitrogenous  body  of  uncertain  composition.  It  is  classed 
among  the  unorganized  ferments,  which  are  substances  capable  of  pro- 
ducing changes  in  the  composition  of  other  bodies  with  which  they  come 
into  contact,  without  themselves  undergoing  change  or  suffering  dimin- 
ution. The  conversion  of  the  starch  under  the  influence  of  the  ferment 
into  sugar  takes  place  in  several  stages,  and  in  order  to  understand  it, 
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i^  fc&Mlidfi^QC  the  giructure  and  composition  of  starch  graDules  ib  iiec- 
^tttiff*  Aiterch  gruimlo  eoneists  of  two  parte:  ati  enrelope  of  cellulose, 
which  does  not  give  a  blue  color  with  iodine  except  on  addition  of  sul- 
phuric  acid,  and  of  ftratmhise^  which  is  contained  within,  and  which 
gives  a  blue  with  iodine  alone.  Brucke  states  that  a  third  body  is  con- 
tained in  the  granule,  which  gives  a  red  with  iodine,  viz,j  ertjikrO' 
granttlose.  On  boiHog,  the  graouloee  swells  up,  bursts  the  envelope, 
and  the  whole  granule  is  more  or  less  completely  converted  into  a  paste 
or  gruel,  which  is  called  gelatinous  starch. 

When  ptyalin  or  other  amylolytic  ferment  is  added  to  boiled  starch, 
sugar  almost  at  once  makes  its  appearance  in  small  quantities,  but  in 
addition  there  is  another  body,  intermediate  between  starch  and  sugar, 
called  erythro-dexirin,  which  gives  a  reddish-brown  coloration  with 
iodine.  As  the  sugar  increases  in  amount,  the  erythro-dextrin  disap- 
pears, but  its  place  is  taken  in  part  by  another  dextrin,  athrno-iksirui^ 
which  gives  no  color  with  iodine,  but  may  be  thrown  down  with  alcohol 
However  long  the  reaction  goes  on,  it  is  unlikely  that  all  the  dextrin 
becomes  sugar. 

Next  with  regard  to  the  kind  of  sugar  formed,  it  is  not  glncose  but 
pialtose,  the  formula  for  which  is  CiaH2aOn,  Maltose  is  allied  to  sac- 
charose or  cane-sugiir  more  nearly  than  to  glucose;  it  is  crystalline;  its 
solution  has  the  property  of  polarizing  light  to  the  right  to  a  greater 
degree  than  solutions  of  glucose  (3  to  1);  it  is  not  so  sweet,  and  reduces 
copper  sulphate  less  easily.  It  can  be  converted  into  glucose  by  boiling 
with  dilute  acids. 


According  to  Brown  and  Heron  tbo  reactions  may  be  represented  thus  : — 
molecule  of  gelatinous  starch  is  convt*rt+^l  by  tte  action  of  an  amylolytic 
ferment  into  n  molt^culea  of  soluble  st^yrch. 
One  molecule  of  sohible  starch  =  UJlCraHjoOn)  4-8(HsO),  which  is  further  con - 
Terted  by  the  fermeDt  into 

L  Erythro-dextrin  (giving  red  with  iodine)  -j-  Maltose. 

(CitHinOM 


then  into  2.  Erythro-dextrin  (giving  yellow  with  iodine)    + 


) 
Maltose. 


8  (CiaHstiOKj) 

next  into  3.  Achroo- dextrin 

And  so  on  ;  the  resultant  being : — 

lU  (CnHacOi^)  -f  y(H,0) 
Soluble  starch        Water 


Maltoee. 
3  (CitH,.Ou) 


2  (Ci.Ht.On) 


=  8  {C„Ha,0,i)  +  3  (Ci,H,oOi.) 

Maltoee  Achroo- dextrin. 


Test  for  Sugar. — In  such  an  experiment  the  presence  of  sugar  is  at 
once  discoi-ered  by  the  application  of  Tromoier's  test^  which  consists  in 
the  addition  of  a  drop  or  two  of  a  solutiou  of  copper  sulphate,  followed 
by  a  larger  quantity  of  caustic  potash.  When  the  liquid  is  boiled,  an 
orange-red  precipitate  oi  copper  suboxide  indicates  the  presence  of 
sugar. 

The  action  of  saliva  on  starch  is  facHitated  by :  {a)  Moderate  heat, 
about  37.8'='  C,  (100=  F,).     {h)  A  slightly  alkaline  medium,     (c)  '  -1 
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of  the  changed  material  from  time  to  time.  Its  action  is  retarded  by: 
(a)  Cold;  a  temperature  of  O''  G.  (32°  F.)  stops  it  for  a  time,  but  does 
not  destroy  it,  whereas  a  high  temperature  aboye  760**C.  (140**  F.)  de- 
stroys it.  (6)  Acids  or  strong  alkalies  either  delay  or  stop  the  action 
altogether,  (c)  Presence  of  too  much  of  the  changed  material.  Ptyalin, 
in  that  it  converts  starch  into  sugar,  is  an  amylolytic  or  diastasic  ferment 

Starch  appears  to  be  the  only  principle  of  food  upon  which  saliyg 
acts  chemically :  the  secretion  has  no  apparent  influence  on  any  of  the 
other  ternary  principles,  such  as  sugar,  gum,  cellulose,  or  on  fat,  and 
seems  to  be  equally  destitute  of  power  over  albuminous  and  gelatinoni 
substances. 

Saliya  from  the  parotid  is  less  yiscid;  less  alkaline,  the  first  few 
drops  discharged  in  secretion  being  even  acid  in  reaction;  clearer,  al- 
though it  may  become  cloudy  on  standing  from  the  precipitation  of 
calcium  carbonate  from  escape  of  carbon  dioxide;  and  more  watery  than 
that  from  the  submaxillary.  It  has  moreoyer  a  less  powerful  action  on 
starch.  Sublingual  saliya  is  the  most  yiscid,  and  contains  more  solids 
than  either  of  the  other  two,  but  has  little  diastasic  action. 

The  salivary  glands  of  children  do  not  become  functionally  active 
till  the  age  of  4  to  6  months,  and  hence  the  bad  effect  of  feeding  them 
before  this  age  on  starchy  food,  corn-flour,  etc.,  which  they  are  unable 
to  render  soluble  and  capable  of  absorption.  The  salivas  of  the  dog, 
cat,  bear,  and  pig  are  almost  inactive,  whereas  that  of  monkeys,  rabbits, 
mice,  squirrels,  and  guinea-pigs,  are  strongly  diastasic. 

The  Nervous  Mechanism  of  the  Secretion  of  Saliva. 

The  secretion  of  saliva  is  under  the  control  of  the  nervous  system. 
It  is  a  reflex  action.  Under  ordinary  conditions  it  is  excited  by  the 
stimulation  of  the  peripheral  branches  of  two  nerves,  viz.,  the  gustatory 
or  lingual  branch  of  the  inferior  maxillary  division  of  the  fifth  nerve, 
and  the  glosHo-pharyngeal  part  of  the  eighth  pair  of  nerves,  which  are 
distributed  to  the  mucous  membrane  of  the  tongue  and  pharynx  con- 
jointly. The  stimulation  occurs  on  the  introduction  of  sapid  substances 
into  the  mouth,  and  the  secretion  is  brought  about  in  the  follwing  way. 
From  the  terminations  of  the  above-mentioned  sensory  nerves  distrib- 
uted in  the  mucous  membrane  an  impression  is  conveyed  upward 
(afferent)  to  the  special  nerve  centre  situated  in  the  medulla-oblongata 
which  controls  the  process,  and  by  it  is  reflected  to  certain  nerves  sup- 
plied to  the  salivary  glands,  which  will  be  presently  indicated.  In  other 
words,  the  centre,  stimulated  to  action  by  the  sensory  impressions  car- 
ried to  it,  sends  out  impulses  along  efferent  or  secretory  nerves  supplied 
to  the  salivary  glands,  which  cause  i;he  saliva  to  be  secreted  by  and  dis- 
charged from  the  gland  cells.     Other  stimuli,  however,  besides  that  of 
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^the  food,  and  other  sensory  nerves  besides  those  mentioned^  may  pro- 
duce reflexly  the  same  effects.     For  example,  sjiliva  may  be  caused  to 
flow  by  irritation  of  the  mucous  membrane  of  the  mouth  with  mechani- 
cal, chemical,  electricul,  or  thermul  stimuli,  also  by  the  irritation  of  the 
,     mnooiis  membrane  of  the  stomach  in  some  way,  as  in  nausea,  which 
Hprecedes  vomiting,  when  some  of  the  periphenil  fibres  of  the  raffi  nre 
Hirritated*     Stimulation  of  the  olfnt'tortj  nerves  by  smell  of  food,  of  the 
^mpptie  nerves  by  the  sight  of  it,  and  of  the  auditort/  nerves  by  the  sounds 
which  are  known  by  experience  to  accompany  the  preparation  of  a  meal, 
may  also,  in  the  hungry,  stimulate  the  nerve  centre  to  actiou.     In  addi- 
tion to  these,  as  a  secretion  of  suliva  follows  the  movement  of  the  mus- 
clea  of  mastication,  it  may  be  assumed  that  this  movement  stimulates  the 

ffiecreting  nerve  fibres  of  the  ghmd,  direct  or  reflexly,  From  the  f^ict 
that  the  flow  of  saliva  may  be  increased  or  diminished  by  mental  emo- 
tinns,  it  is  evident  that  impressions  from  the  cerebrum  also  are  capable 
I  of  stimulating  the  centre  to  action  or  of  inhibiting  its  action. 
H  Salivary  secretion  may  also  be  excited  by  direct  stimulation  of  the 
centre  in  the  medulla* 

On  the  Sttbmaj'illanj  Gland, — The  submaxillary  gland  has  been  the 
gland  chiefly  employed  for  the  purpose  of  experimentally  demonstrating 
the  influence  of  the  nervous  sjfstem  upon  the  secretion  of  saliva,  because 

kof  the  comparative  facility  with  which,  with  its  blood-vessels  and  nerves, 
it  may  be  exposed  to  view  in  the  dog,  rabbit,  and  other  animals.  The 
chief  nerves  supplied  to  the  gland  are  (1)  the  chorda  (pnpani,  a  branch 
given  off  from  ih^  facial  (or  porfio  darn  of  the  seventh  pair  of  nerves), 
in  the  canal  through  which  it  passes  in  the  temporal  bone,  in  its  passage 
from  the  interior  of  the  skull  to  the  face;  and  {2}  branches  of  the  sr/m- 
patheiic  nerve  from  the  plexus  around  the  facial  artery  and  its  branches 
to  the  gland.  The  chorthi  (fig.  *2i*5,  ch,  /.),  after  quitting  the  temporal 
bone^  passes  downward  and  forward,  under  cover  of  the  external  ptery- 
goid muscle,  and  joins  at  an  acute  angle  the  lingual  or  gustatory  nerve, 
proceeds  with  it  for  a  short  distance,  and  then  passes  along  the  submax- 
Ulary  gland  duct  (6g.  225,  sm.  r/.),  to  which  it  is  distributed,  giving 
branches  to  the  submaxillary  ganglion  (fig.  225,5m»^?.),and  sending  others 
to  terminate  in  the  superficial  muscles  of  the  tongue.  It  consists  of  fine 
medullated  fibres  which  lose  their  medulla  in  the  gland.  If  this  nerve 
be  exposed  and  divided  anywhere  in  its  course  from  its  exit  from  the  skull 
to  the  gland,  the  secretion,  if  the  gland  be  in  action,  is  arrested,  and  no 
etimulation  either  of  the  lingual  or  of  the  glosso-pharyngeal  will  produce  a 
flow  of  saliva.  But  if  the  peripheral  end  of  the  divided  nerve  be  stimu- 
lated, an  abundant  secretion  of  saliva  ensues,  and  the  blood  supply  ia 
enormously  increased,  the  nrteries  being  dilated.  The  veins  even  pul- 
sate, and  the  blood  contained  within  them  is  more  arterial  than  v«^'^^^*i 
in  character. 
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When  J  on  the  other  hand,  the  stimulus  is  applied  to  the  s^mpaihfdc 
filaments  (mere  division  producing  no  apparent  effect),  the  arteries  con- 
tract, and  the  blood  stresim  is  in  consequence  mnch  diminished;  and 
from  the  veins,  when  opened,  there  escapes  only  a  sluggish  streiitu  of 
dark  blood.  The  saliva,  instead  of  being  abundant  and  watery,  become 
scanty  and  tenacious.  If  both  chorda  tympani  and  sympathetic  branches 
be  divided,  the  gland,  released  from  nervous  control,  may  secrete  con- 
tiuuously  and  abundantly  (  parali^iic  secretion)* 

The  abundant  secretion  of  saliva,  which  follows  stimulation  of  the 
chorda  tympani,  is  not  merely  the  result  of  a  filtration  of  fluid  from 


Fiif.  235.— rHAfframmfttk"  representation  of  the  Kul>-mAxillBry  pi  and  of  the  do«rwlthtt»i 
blood'VeaseJs.  (Tlibi  b*  nnt  int<"nd**tl  to  HIiiKtrAte  the  i^xnct  anatouilo&l  relations  of  thesevi 
burt^,)  wm^gid.,  th<^  siilMnajclllary  plaml  into  the  duct  (imi.  rf.)  of  which  acautila  has  been  tied 
The  subungual  glftinfl  aw\  diict  art'  m%%  shov^Ti.  m .  L,  n.  T.,  tht*  lingual  or  «^if*t«iory  nt*rve  *  cJu  f., 
ch.  Ct  tliechortift  tytiiLiani  prttoeviliiiig  fmm  tlw?  fneial  iiervp^  l)et*oTniniBr  ci>nJoiDe<l  with  the  unjfiuj 
At  n.  I'.,  BDd  aftjerwartl  divcrpinK  nml  pftssin;K  to  theplnnd  nhmfn  the  duct;  mi.  oL,  Bu1>max]lUi7 
ffaaelioD  with  its  mot-s;  n,  /.,  the  lingtial  tier>e  firoce<i*<3inj;:  to  the  toii^it^ ;  a.  car.,  Uie carotid  wtefT, 
two  branches  of  which,  a.  anv.  a.  and  r,  stn.  p.,  pass  to  tht-antedor  and  ixtsterior  parts  of  the  igiMtA ; 
r.  jnw,,  ihn  anterior  and  posterior  velDS  from  the  inland  eudinp:  in  t\j..  tlir  luj^ilar  vein  ;  v.  tym.,  tbe 
oonjoioed  vagus  and  M'mpathcitic  ininks  ;  ffL  rer, ».,  tlie  snperirjr'cervicaS  ganglion,  two  branctafS 
of  which  forriitng  a  plexnSn,  a,/.,  over  tiu*  facial  arttTy  arc  distrii>ut«»il  (it,  jfj/m.  ««*.>  aiong  the  two 
Klomlular  artt-riea  to  the  amtt^rior  and  po»teri<*r  porti^ni  of  the  ifi^u'^t.  The  arrowa  iiicuc»te  tbe 
olrectiun  talteu  i>_v  th<?  nert'oug  impul'W's :  dnrinj;  n-flex  etimntatimis  of  the  f^Ianrl  they  aacecMl  to  tbe 
brain  iiy  the  liuf^Kial  and  descend  by  the  chorda  tjinpivnl.    (M.  Foster.  > 

the  Hood-vesselfl,  in  consequence  of  tbe  largely  increased  circulation 
through  them.  This  is  proved  by  the  fact  that,  when  the  main  duct  is 
obstructed^  the  pressure  within  may  considembly  exceed  the  blood-prea- 
aure  in  the  arteries,  and  also  that  when  into  the  veins  of  the  animal 
experimented  upon  some  airopin  bas  been  previously  injected,  stimula- 
tion of  the  peripheral  end  of  the  divided  chorda  produces  all  the  vascu- 
lar effects  as  before,  without  any  secretion  of  saliva  accompanying  them. 
Again,  if  an  animal's  head  be  cut  off,  and  the  chorda  be  rapidly  exposed 
and  stimulated  with  an  interrupted  current,  a  secretion  of  saliva  ensues  for 
a  short  time^  although  the  blood  supply  is  necessarily  absent.     These 
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trimentfl  serve  to  prove  that  tlie  chords  eonUiins  two  sets  of  nerve 
fibres,  one  sot  {vam-dilator)  which,  wlieii  gtimiiiatcd,  act  upon  a  local 
▼Bso-motor  centre  for  regulating  the  blood  supply,  inhibiting  its  action, 
and  causing  the  vessels  to  dilute,  and  so  producing  an  increased  supply  of 
blood  to  the  gland;  while  another  set,  which  are  paralyzed  by  injection 
of  atropiu,  directly  stimulate  the  cells  themselves  to  activity^  whereby 
they  secrete  and  dischtirge  the  constituents  of  the  saliva  which  they 
produce.  These  latter  fibres  very  possibly  terminate  in  the  salivary  cells 
themselves.  If,  on  the  other  hand,  the  sympathetic  fibres  be  divided, 
BtimuLition  of  the  tongue  by  sapid  substances,  or  of  the  trunk  of  the 
lingual,  or  of  the  glosso-pharyngeal,  eontjiiues  to  produce  a  flow  of  saliva. 
From  these  experiments  it  is  evident  that  the  chorda  tympani  nerve  is 
the  principal  nerve  through  which  eflerent  impulses  proceed  from  the 
centre  to  excite  the  secretion  of  this  gland* 

The  sympathetic  fibres  appear  to  act  principally  as  a  vaso-constrictor 
nerve,  and  to  exalt  the  action  of  the  local  vaso-motor  centres.  The 
Bympathetic  is  more  powerful  in  this  direction  than  the  chorda.  There 
is  not  sufticient  evidence  in  favor  of  the  belief  that  the  submaxillary 
ganglion  is  ever  the  nerve  centre  which  controls  the  secretion  of  the 
snbmaxillary  gland. 

On  the  Parotid  Gland, — The  nerves  which  influence  secretion  in  the 
parotid  gland  are  branches  of  the  facial  (lesser  superficial  petrosal)  and 
of  the  sympathetic.  The  former  nerve,  after  passing  through  the  optic 
ganglion,  joins  the  auriculo-temporai  branch  of  the  fifth  cerebral  nerve, 
and,  with  it,  is  distributed  to  the  gknd.  The  nerves  by  which  the 
stimulus  ordinarily  exciting  secretion  is  conveyed  to  the  medulla  ob- 
longata, are,  as  in  the  case  of  the  subraaxillary  ghmd,  the  fifth,  and  the 
glosso-pharyngeal.  The  pneuniogastric  nerves  convey  a  further  stimu- 
lus to  the  secretion  of  saliva,  when  food  has  entered  the  stomach ;  the 
nerve  centre  is  the  eanie  as  in  the  case  of  the  submaxillary  gland, 

Cliauges  in  the  Ghind  Cells, — The  method  by  which  the  salivary  cells 
produce  the  secretion  of  saliva  appears  to  be  liivided  into  two  stiiges, 
which  differ  somewhat  according  to  the  class  to  which  the  gland  belongs, 
Tiz.,  whether  to  (1)  the  true  salivary,  or  (2)  to  the  mucous  type.  In  the 
former  case,  it  has  been  noticed,  as  has  been  already  described,  that 
during  the  rest  which  follows  an  active  secretion  the  lumen  of  the  alveo- 
lus becomes  smaller,  the  gland  cells  larger  and  very  granular.  During 
secretion  the  alveoli  and  their  cells  become  smaller,  and  the  granular 
appearance  in  the  latter  to  a  considerable  extent  disappears,  and  at  the 
end  of  secretion  the  granules  are  confined  to  the  inner  part  of  the  cell 
nearest  to  the  lumen,  which  is  now  quite  distinct  (fig.  :;i26). 

It  is  supposed  from  these  appearances  that  the  first  stage  in  the  act 
of  secretion  consists  in  the  protoplasm  of  the  salivary  cell  taking  up 
from  the  lymph  certain  materials  from  which  it  raanufacf         "  ^  ele- 


302  HAXDBOOK   OF   PHYSIOLOGY. 

ments  of  its  own  secretion,  and  which  are  stored  np  in  the  fonu  of 
granules  in  the  cell  during  rest,  the  second  stage  consisting  of  the  actual 
discharge  of  these  granules,  with  or  without  previous  change.  The 
granules  are  taken  to  represent  the  chief  substance  of  the  saliTary  secre- 
tion, t>.,  the  ferment  ptyalin.  In  the  case  of  the  submaxillary  gland  of 
the  dog,  at  any  rate,  the  sympathetic  nerve-fibres  appear  to  have  to  do 
with  the  first  stage  of  the  process,  and  when  stimulated  the  protoplasm  u 
extremely  active  in  manufacturing  the  granules,  whereas  the  chorda 
tympani  is  concerned  in  the  production  of  the  second  act,  the  actual  dis- 
charge of  the  materials  bf  secretion,  together  with  a  considerable  amount 
of  fluid,  the  latter  being  an  actual  secretion  by  the  protoplasm,  as  it 
ceases  to  occur  when  atropin  has  been  subcutaneonsly  injected. 

In  the  mucus-secreting  gland,  the  changes  in  the  cells  dkring  secre- 
tion have  been  already  spoken  of.     They  consist  in  the  gradnal  secre- 


Fig,  238.— AlTeoH  of  true  taHtarj  giand.    A,  at  rest;  B,  in  the  first  8ta|(e  of  secretion ;  C,  after  pro- 
longed secretion.    (Langley.) 

tion  by  the  protoplasm  of  the  cell  of  a  substance  called  mucigen,  which 
is  converted  into  mticm,  and  discharged  on  secretion  into  the  canal  of 
the  alveoli.  The  mucigen  is,  for  the  most  part,  collected  into  the  inner 
part  of  the  cells  during  rest,  pressing  the  nucleus  and  the  small  portion 
of  the  protoplasm  which  remains,  against  the  limiting  membrane  of  the 
alveoli. 

The  process  of  secretion  in  the  salivary  glands  is  identical  with  that 
of  glands  in  general;  the  cells  which  line  the  ultimate  branches  of  the 
ducts  being  the  agents  by  which  the  special  constituents  of  the  saliva 
are  formed.  The  materials  which  they  have  incorporated  with  them- 
selves are  almost  at  once  given  up  again,  in  the  form  of  a  fluid  (secre- 
tion), which  escapes  from  the  ducts  of  the  gland ;  and  the  cells,  them- 
selves, undergo  disintegration — again  to  be  renewed,  in  the  intervals  of 
the  active  exercise  of  the  functions.  The  source  whence  the  cells  obtain 
the  materials  of  their  secretion  is  the  blood,  or,  to  speak  more  accu- 
rately, the  plasma,  which  is  filtered  off  from  the  circulating  blood  into 
the  interstices  of  the  glands  as  of  all  living  textures. 
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The  Tongue. 

dure. — The  tongue  is  a  musciilar   organ  covered  by  mucous 

me.     The  muecles,  which  form  the  greater  part  of  the  substiince 

of  the  tongue  (intrinsic  muscles)  are  termed  linguaks;  and  by  these. 


wig,  297.— Pftpfltar  eurfftce  of  the  toDiru«»,  with  the  raiiee«  anci  tonsfts.  1,  1,  clrcumTttTliit*  pA- 
plllas  m  trout  of  ^,  the  forameti  caecum;  S.  futijriforni  pnpUlsB  ;  4,  flllfDraa  and  coqicaI  papillfiD  ;  ft* 
noHTene  mad  oblique  Tuem  ;  0,  muctnis  glands  at  tlie  laaite  of  tl1<^toIli^ueand  in  iht^  Taue^;  7.  tonsils; 
t,  pMtof  thf?  epiglottis ;  9,  medLau  glosso-epfglottidean  fold  (frBPimJii  eplglottldlB).  (From  Sappey,) 


which  are  attached  to  the  mucous  membrane  chiefly^  ita  smaller  and 
more  delicate  movements  are  chiefly  performed. 

By  other  muscloa  (extrinmc  miiBcles),  as  the  genio-hyoglossiis,  the 
^tylogloflsas,  etc.,  the  tongue  is  fixed  to  surrounding  parts,  and  by  this 
group  of  muscles  its  larger  movements  are  performed- 

The  mucous  membrane  of  the  tongue  resembles  other  mucous  mem- 
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trukeai  in  csKntial  poinu  of  ftmcmre;,  bat  oontoinx  pafUlm^  more  or 
leu  pecoIiAT  to  itself;  pefcnlijr,  hoverer,  in  detjib  of  stmctnie  and  tr- 
Tkngemeniy  not  in  their  niUiire.  The  tmigne  is  bewi  with  nninemi 
mncoos  follicks  and  gUndi. 

The  hkTger  pajnU4E  of  the  tongne  are  thicklj  set  OTer  the  anterior 
tvo-thirdj  of  its  npper  sorfaoe,  or  df/rtum  (fig.  2^1),  and  gire  to  it  iU 
characterinic  ronghnen.  In  camironnu  animali,  especiaDj  those  of 
the  cat  tribe,  the  papiUss  attain  a  large  sixe,  and  are  dereloped  into 

sharp  recarred  homy  spines.  Snch  papiDa 
cannot  be  regarded  as  sensitiTe,  bat  they  a- 
able  the  tongae  to  plaj  the  part  of  a  moA 
efficient  rssp,  as  in  scraping  bones,  or  of  t 
comb  in  cleaning  for.  Their  greater  prom- 
inence than  those  of  the  skin  is  dae  to  their 
interspaces  not  being  filled  ap  with  epithe> 
linm^  as  the  interspaces  of  the  papillc  of 
the  £kin  are.  The  papillie  of  the  tongue 
present    seTend    diTersitieB  of   form;   bat 


Fi«r.2». 


FI?.2S9. 


Fir.  28^.— 8ectkA  of  a  muooo*  pUnd  from  the  tmgDe.    A.  openissr  of  the  dncC  on  the  1         _ 
xr:  C.  tMMtiMfOt  membraDe  wHh  nuclei:  B,  flattened  epithelial  ceJl^  liniofr  doct     TbedoctdiTUei 


^  freea 


Into  tereral  bnuu.-bMi.  which  are  cooToluted  and  end  bnndlr.  beixur  lined  throoicfaoiit  bj  c 
epctheUum.    V,  lumen  of  one  of  the  tubuli  of  the  fi^land.     x  w.    CKlein  and  Noble  Smith.) 

Fi?.  £a.— Vertical  nection  of  a  circumTallate  papilla  of  the  calf  1  and  S.  epithelial  lajen 
eorerteic  it ;  2,  taste  frobleUi :  4  and  4'.  duct  of  serous  eland  opening  out  into  the  pit  in  which  papOk 
te  situatefi;  5  and  ft.  nerves  ramifying  within  the  papilla.    (.Sog^hnann.) 


three  principal  varieties,  differing  both  in  seat  and  general  characters, 
may  usually  be  distinguished,  namely,  the  (1)  circumvaUate^  the  (2) 
fungiform^  and  the  (3)  filiform  papillae.  Essentially  these  have  all  of 
them  the  same  structure,  that  is  to  say,  they  are  all  formed  by  a  projec- 
tion of  the  mucous  membrane,  and  contain  special  branches  of  blood- 
vessels and  nerves.  In  details  of  structure,  however,  they  differ  consid- 
erably one  from  another. 

The  surface  of  each  kind  is  studded  by  minute  conical  processes  of 
mucous  membrane,  which  thus  form  secondary  papillae. 

^1.)  Circumvallate. — These  papillae  (fig.  229),  eight  or  ten  in  num- 
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r,  are  situate  in  two  V-shaped  lines  at  the  base  of  the  ton^e  (1,  1, 
^2'i).  They  are  circnlar  elevations  from  j\,th  to  ^th  of  an  inch 
ride,  (1  to  2  mm.)*  ^a<5h  with  a  central  depreBsion,  and  surrounded  by 
circular  fis8are»  at  the  outside  of  which  again  is  u  slightly  elevated 
ing,  both  the  central  elevation  and  the  ring  being  formed  of  close-set 
iple  papillae. 

(2.)  Fungiform,— The  fungiform  papillte  (3,  fig.  227)  are  scattered 
chiefly  over  the  sides  and  tip,  and  sparingly  over  the  middle  of  the  dor- 
sum, of  the  tongue;  their  name  is  derived  from  their  being  usually  nar- 
rower at  their  base  than  at  their  summit  They  also  consist  of  grouj)s 
of  simple  papilla  (A,  fig.  200),  each  of  which  contains  in  its  interior  a 
loop  of  capillary  blood-vessels  (R.)»  and  a  nerve-fibre. 

(3,)  Cofiical  or  Fiiiform. — These,  which  are  the  most  abundant  pa- 
pillaB)  are  scattered  over  the  whole  surface  of  the  tongue^  but  especially 


.  so.— Surface  and  ■ectiOD  of  the  fimfriform  papflli^.    A,  the  flurf&ce  of  a  fungiform  papilla, 
I^y  f1i-nuib*<l  of  llseplCluslhlin:  p.  aeeondftn*  t^apillu?;  r,  fpljjjfliuro*    B,  necllon  of  «  fiiu*fiiurni 
pii  ^ilomt-TeoBeli  tnjected  ;  a^  mrtvry  ;  v,  vela;  c.  capLUazy  Icxips  of  amiiljir  pnpillEL'  m 

I  niotureof  the  tongue;  d,  c&pUlfuy  \w:*p&  of  tbe  vecontUay  papilUe;  c  epluielium 
1  i  U' r  Todd  and  BowmaD.) 


^ 


T  the  middle  of  the  dorsum.     They  vary  in  shape  somewhat,  but  for 

he  most  part  are  conic^d  or  filiform,  mid  covered  by  a  thick  layer  of 

pidermis,  which  iaurmnged  over  them,  either  in  an  imbricated  manner* 

r  is  prolonged  from  their  surface  in  the  form  of  fine  stiif  projections, 

hair-like  in  appearance,  and  in  some  iiifliances  in  structure  also  (fig. 

231).     From  their  pcculijir  structure,  k  seems  likely  that  these  papillae 

have  a  mechanical  function,  or  one  allied  to  that  of  touch  rather  than 

of  taste;  the  latter  sense  being  probably  seated  especially  in  the  other 

wo  varieties  of  papilL^,  tlio  cirvumvallfife  and  the  fNnr/iform, 

The  epithelium  of  the  tongue  is  strati  tied  with  the  upper  layers  of 
the  8f|uamous  kind.  It  covers  every  part  of  the  surface;  but  over  the 
fuDgiform  papiihe  forms  a  thinner  layer  than  elsewhere.  The  epithelium 
covering  the  filiform  papiihe  is  extremely  dense  and  thick,  and,  as  before 
mentioned,  projects  from  their  sides  and  summits  in  the  fonri  of  long, 
stiff,  hair-like  processes  (fig.  ti31).  Many  of  these  processea  bear  a  close 
resemblance  to  hairs.     Blood-vessels  and  nerves  are  supplied 
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the  pupillfe.  The  nerves  in  the  fungiform  and  circumvallate  papilij^ 
form  a  kind  of  plexus,  spreading  out  bruebwige  (fig.  231),  but  the  exuct 
mode  of  termination  of  the  nerve-filaments  is  not  certainly  known. 

In  the  circum vallate  papillae  of  the  tongue  of  man  peculiar  struc- 
tures known  as  gustatory  buds  or  taste  goblets,  have  been  discovered. 
They  are  of  an  oval  shape,  and  consist  of  a  number  of  closely  packed, 

very  narrow  and  fusiform, cells 
{guHtatory  celh).  This  ceotral 
core  of  gustatory  cells  u  in- 
closed  in  a  single  layer  of 
broader  fusiform  cells  {inctu- 
ing  veUa),  The  gustator}*  cell* 
terminate  in  fine  spikes  not 
unlike  cilia,  which  project  on 
the  free  surface  (fig.  232  /?), 

These  bodies  also  occur  eide 
hy  side  in  considerable  num- 


Plg.  S31. 

Fig.  S!31.— Two  fllif firm  papillae,  one  with  epitheliiMn,  tho  other  without  ^.—d,  the  subst^mue  ol 
the pkft pill «?  dlvlding^  at  their  (ipjier  extretiiitiesa  iuto  secoiidarv  papilla:  a,  artery,  and  r,  vein, 
illvitJiii^  ltik>  capillary  lioop«  ;  n  epithelml  c*>v(rinie,  larciiDati^l  Ww^^n  the  papltuik  hiit  extemlwl 
into  hair-Uke  proeepses^/,  from  tiif  t^xtremitit^  of  th«  Becoudary  papflke.  (Froni  K{Sllllcer,  after 
Todd  aud  Btminaii.  > 

Fifar-  2?)*^— Taste-goblet  from  dog'a epiglottis  (laryDgeal  surface  iiear  the  base),  precisely  similar 
In  Btruc'ture<  to  those  fouud  In  the  ton^ie.  n.  dt*preu(iion  lu  epithelium  overgubletj  oelow  the  letter 
are  Be^n  tlie  ^nehatr  liik«  procpisses  in  which  the  ceUH  ternilnat«  :  c,  two  nuclei  of  the «idal  (goMa- 
toryj  eeJlH.  Ihe  uiore  supt^rtk'lal  Eitii-lei  beloui;  to  tlu;;  superficial  (itiCtiMag)  oeUa;  tlie  ooiif«r;giac 
lines  ladieate  the  fusiform  shape  of  the  incasiiij?  ttHla.     X  400.    (SclioQeliiO 


I 


hers  in  the  epithelium  of  the  papilla  foliatu,  which  is  situated  near  the  _ 
root  of  the  tongue  in  the  rabbit,  und  also  in  mtnu  Similar  taste-goblets  ■ 
have  heen  observed  on  the  posterior  (laryngeal)  surface  of  the  epiglottis* 


The  Pharynx.  ' 

The  portion  of  the  alimentary  canal  which  intervenes  between  the 
mouth  and  the  oesophagus  is  termed  the  Phart/fix.  It  will  suftice  here 
to  mention  thut  it  is  constructed  of  a  series  of  three  muscles  with  stri- 
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ated  0bres  {eonstiricfors),  whicli  Jire  coTTered  by  a  thin  fascia  externally, 
and  are  lined  internally  by  a  strong  fascia  (pharyngeal  aponeurosiB),  on 
the  inner  aspect  of  which  is  areolar  (submucous)  tissue  and  mucous 
membmnep  continuous  with  that  of  the  month,  and,  as  regards  the  part 
concerned  in  swallowing,  is  identiail  with  it  in  general  structure.  The 
epithelium  of  this  part  of  the  pharynx,  like  that  of  the  months  is  strati- 
tied  and  squamous. 

The  pliarynx  is  well  supplied  with  mucous  glands  (fig.  228). 

Between  the  anterior  and  posterior  arches  of  the  soft  palate  are  sit- 
nated  the  Tonsil a^  one  on  each  side.  A  tonsil  consists  of  an  elevation 
of  the  mucous  membrane  representing  J  2  to  15  orifices,  which  lead  into 


■-# 


K 


Tuni« 
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FiR.2»4. 


Flif.  SSS.^LlDj^ftl  follicle  or  crvpt.  a,  ItiiTolutinti  of  mueoud  m«!mbrmDe  wftti  fto  fnipniiB;  b, 
Dpboid  dames,  with  aeweraA  lymiihuid  iwea.    <  Fcvy\  v 

Fte-  ^4,— Vertlcftleectloii  tfin:ju|?h  n  rrypt  c»f  the  human  tontUl.  1,  en^ranw  to  the  crjiit ;  2  mul 
_j  ihetrmnework  or  Ad4<tityid  UaKUe;  4,  the  tuclosiug  flbrom tlasue  ;  a  and  6»  l>^jpbjitiu  follicle*;  5 
mad  0,  blood- Tc«8elt,    CSt^hr.) 

crypts  or  recesses,  in  the  walls  of  which  are  placed  nodules  of  adenoid 
or  lymphoid  tissue  (fig,  iJ34).  These  nodules  arc  euvelojted  in  a  less 
dense  adenoid  tissue  which  reaches  the  mucous  surfuce.  The  surface 
is  covered  with  stratified  squamous  epithelium,  und  the  subepithelial  or 
mucous  membrane  proper  may  present  rudimentary  papillae  formed  of 
adenoid  tissue.  The  tonsil  is  bounded  by  a  fibrous  c^ipsule  (fig.  234,  4). 
Into  the  crypts  open  the  ducts  of  nnmeroos  mucous  gl  an  rift. 

The  viscid  secretion  which  exudes  from  the  tonsils  serves  to  lubri- 
cate the  bolus  of  food  as  it  passes  them  in  the  second  part  of  the  act  of 
deglutition. 
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The  <BKinAAi»  om  Gullet* 


portion  of  the  alimeBtarj 

<ir  tra  inches  in  length,  which 

to  the  cardiac  orifice  of  the 


wf  at  Ikm  oonta — Th.^  iht 

mad  the  iBaer,  mucmut.    The 

hfATojing  ajBSBBt  of  loose  fibrooj 


N 


of  ibe  mucous  m^mbruie  of  the 


Ui 


of  two  layers  of  fibres,  the  outer  being  arranged 
fy^wnd  the  inuer  circularly.  At  the  upper  part  of  the  lesoph- 
ktHisc  »  nuwie  up  principally  of  striated  mulcle  fibres,  a^  they 
«M«MiliMOttf  with  the  constrictor  museles  of  the  pharynx;  bot  lower 
4»9«  lk#  mniftriated  fibres  become  nioreund  more  numerous,  and  toward 
y^  mti  of  Itbt  tube  form  the  entire  coat.  The  muscular  coat  is  con* 
m^lii|  Mf^^  iht  BiQCons  coat  by  a  more  or  lees  developed  layer  of  areolar 
,wyelk  ftwTOS  the  aubfnncons  coat  (fig,  235^/),  m  which  is  con- 
■  iH  Um  tewer  half  or  third  of  the  tube  many  mucous  glands^  the  ■ 
^  jt  wfciti^  pnn°T"^^  through  the  mucous  membrane,  open  on  itssnr- 
$^Ma«liiig  this  coat  from  the  mucous  membrane  proper  is  a  well- 
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developed  layer  of  longitudinal,  imstriuted  muscle,  called  the  mnm'ularijt 
tHU4unt<r,  The  mucous  membrane  is  composed  of  a  closely  felted  mesh- 
'  work  of  fine  connective  tissue,  which,  toward  the  surface,  is  elevated  into 
—^  rndimentary  papUlse.  It  is  covered  with  a  stratified  epithelium,  of 
H  which  the  most  superficial  layers  are  squamous.  The  epithelium  is  ar- 
~  ranged  upon  a  basement  membrane. 

In   newly-born   children  tlie  mucous  inembnine  exhibits,  in  many 
parts,  the  structure  of  lymphoid  tisisuo  (Klein), 

I       Blood-  and  lymph-vessels,  and  nerves,  are  distribute<I  in  the  walls  of 
Ihe  iBSophagus.     Between  the  outer  and  inner  layers  of  the  muscular 
eoat,  nerve-ganglia  of  Auerbach  are  also  found  (^g,  241). 
ti 
fa 
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TThen  properly  niagtlcated,  the  food  is  transmitted  in  successive  por- 
ftions  to  the  stomach  by  the  act  of  deglutition  or  swidiowing,  Tliis^  for 
the  purpose  of  description,  may  be  divided  into  three  acts.  In  the  first, 
particles  of  food  collected  to  a  morsel  are  made  to  glide  between  the  sur- 
face of  the  tongue  and  the  pulutine  arch,  till  they  have  passed  the  ante- 
rior arch  of  the  fauces;  in  the  second,  the  morsel  is  carried  through  the 
pharynx;  and  in  the  third,  it  reaches  the  stomach  through  the  tcsopha- 
gU8.  These  throe  acts  follow  each  other  nipidly.  (1.)  The  first  act  may 
be  voluntary,  although  it  is  uaually  performed  unconsciously;  the  mor- 
sel of  food,  when  sulliciently  masticated,  being  pressed  between  the 
tongue  and  palate,  by  the  agency  of  the  muscles  of  the  former,  in  such 
a  manner  as  to  force  it  hat^k  to  the  entnince  of  the  pharynx.  (2.)  The 
second  act  is  the  most  complicated,  because  the  food  must  pass  by  the 
posterior  orifice  of  the  nose  and  the  upper  opening  of  the  larynx  with- 
out touching  them.  When  it  has  been  brought,  by  the  first  act,  between 
the  anterior  arches  of  the  pahite,  it  is  moved  onward  by  the  movement 
of  the  tongue  backward,  and  by  the  muscles  of  the  anterior  arches  con- 
tracting on  it  and  then  behind  it.  The  root  of  the  tongue  being  re- 
tracte<i,  and  the  larynx  being  raised  with  the  pharynx  and  carried  for- 
ward under  the  base  of  the  tongue,  the  epiglottis  is  pressed  over  the 
upper  opening  of  the  larynx,  and  the  morsel  glides  past  it;  the  closure 
of  the  glottis  being  additionally  secured  by  the  simultaneous  contniction 
of  its  own  muscles:  so  that,  even  when  the  epiglottis  is  destroyed,  there 
is  little  danger  of  food  or  drink  passing  into  the  larynx  so  long  as  its 
muscles  can  act  freely.  At  the  same  time,  the  raising  of  the  soft  palate, 
so  that  its  posterior  edge  touches  the  back  part  of  the  pharynx,  and  the 
approximation  of  the  sides  of  the  posterior  palatine  arch,  which  move 
quickly  inward  like  side  curtains,  close  the  passage  into  the  upper  part 
of  the  pharynx  and  the  posterior  nares,  and  form  an  inclined  plane, 
along  the  under  surface  of  which  the  morsel  descends;  then  tb 
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raised  up  to  receivo  it,  in  its  tani  contracts,  and  forces  it  onward  into 
the  oesophagus.  The  passage  of  the  bolus  of  food  through  the  co1mn^ 
tors  of  the  pharynx  is  counted  by  some  as  a  distinct  stage.  (3.)  h 
the  third  act,  in  which  the  food  passes  through  the  oesophagus,  every 
part  of  that  tube,  as  it  receives  the  morsel  and  is  dilated  by  it,  is  etiiB- 
ulated  to  contract:  hence  an  undulatory  contraction  of  the  oesophagm, 
which  is  easily  observable  in  horses  while  drinking,  proceeds  rapidly 
along  the  tube.  It  is  only  when  the  morsels  swallowed  are  large,  or 
taken  too  qui<jkly  in  succession,  that  the  progressive  contraction  of  the 
cesophagus  is  slow,  and  attended  with  piiin.  Division  of  both  pnenmo- 
gastric  nerves  paralyzes  the  contractile  power  of  the  oesophagas  and  food 
accordingly  accumulates  in  the  tube.  The  second  and  third  parts  of 
the  act  of  deglutition  are  involuntary. 

XvrvouH  MedianiHm, — The  nerves  engaged  in  the  reflex  act  of  deglu- 
tition are : — Hennory,  branches  of  the  fifth  cerebral  supplying  the  soft  pal- 
ate; glosBo-phiiryngeal,  supplying  the  tongue  and  pharynx;  the  superior 
laryngeal  branch  of  the  vagus,  supplying  the  epiglottis  and  the  glottis; 
while  the  motor  fibres  concerned  are : — branches  of  the  fifth,  supplying 
part  of  the  digastric  and  mylo-hyoid  muscles,  and  the  muscles  of  masti- 
cation; the  facial,  supplying  the  levator  palati;  the  glosso-pharyngeal, 
supplying  the  muscles  of  the  pharynx;  the  vagus,  supplying  the  muscles 
of  the  larynx  through  the  inferior  laryngeiil  branch,  and  the  hypoglos- 
sal, the  muscles  of  the  tongue.  The  nerve-centre  by  which  the  muscles 
are  harmonized  in  their  action,  is  situate  in  the  medulla  oblongata.  In 
the  movements  of  the  oesophagus,  the  ganglia  contained  in  its  walls, 
with  the  pneumo-gastrics,  are  the  nerve-structures  chiefly  concerned. 

It  is  important  to  note  tliat  the  swallowing  both  of  food  and  drink  is 
a  muscular  act,  and  can,  therefore,  take  place  in  opposition  to  the  force 
of  gravity.  Thus,  horses  and  many  other  animals  habitually  drink  up- 
hill, and  the  same  feut  can  be  performed  by  jugglers. 

The  Stomacu. 

In  man  and  those  Mammalia  which  are  provided  with  a  single  stom- 
ach, it  consists  of  a  dilatation  of  the  alimentary  canal  placed  between 
and  continuous  with  the  a^sophagus,  which  enters  its  larger  or  cardiac 
end  on  the  one  hand,  and  the  small  intestine,  which  commences  at  its 
narrowed  end  or  pylorus,  on  the  other.  It  varies  in  shape  and  size  ac- 
cording to  its  state  of  distention. 

Stnuinre. — The  stomach  is  composed  of  four  coats,  called  respectively 
—(1)  an  external  or  peritoneal,  (:2)  muscular,  (3)  submucous,  and  (4) 
mucous  coat;  with  blood-vessels,  lymphatics,  and  nerves  distributed  in 
and  between  them. 

(1)  The  peritoneal  coat  has  the  structure  of  serous  membranes  in 
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^eml,  to  be  presently  described,  (2)  The  mnscular  coat  consists  of 
three  separate  layers  or  sets  of  fibre,  which,  according  to  their  several 
directions,  are  named  the  longitudinal,  circular,  and  oblique.  The  lon- 
ffiiudifial  set  are  the  most  Buperficial:  they  are  continuous  with  the 
longitadinal  fibres  of  the  teaophagus 
and  spread  out  in  a  diverging  man- 
ner over  the  cardiac  end  and  sides 
of  the  stomach.  They  extend  as 
far  afi  the  pylorus,  being  especially 
distinct  at  the  lesser  or  upper  curva- 
ture of  the  stomach,  along  which 
they  pass  in  several  strong  bands. 
The  next  set  are  the  circular  or 
transverse  fibres,  which  more  or  less 
completely  encircle  all  parts  of  the 
stomach;  they  are  most  abundant  at 
the  middle  and  in  the  pyloric  por- 
tion of  the  organ,  and  form  the  chief 
part  of  the  thick  projecting  ring  of 
the  pylorus.  These  fibres  are  not 
simple  circles,  but  form  double  or 
fignre-of-8  loops,  the  fibres  intersect- 
ing very  obliquely.  The  next,  and 
consequently  deepest  set  of  fibres, 
are  the  obliqne^  continuous  with  the 
circular  muscular  fibres  of  the 
oesophagus,  and  having  the  same 
double-looped  arrangement  that 
prevails  in  the  preceding  layer:  they 
are  comparatively  few  in  number, 
and  are  placed  only  at  the  cardiac 
orifice  and  portion  of  the  stomach, 
over  both  surfaces  of  which  they  are 
spread,  some  passing  obliquely  from 
left  to  right,  others  from  right  to 
left,  around  the  cardiac  orifice,  to 
which,  by  their  interlacing,  they 
form  a  kind  of  sphincter,  continuous 
with  that  around  the  lower  end  of 
the  uesophagus.  The  muscular  fibres  of  the  stomach  and  of  the  in- 
testinal canal  are  nHslriftiefi^  being  composed  of  elongated,  spindle- 
shaped  fibre-cells, 

(3)  and  (i)  The  jHiirou.'<  membra iw  of  the  stomach,  which  rests  upon 
a  layer  of  loose  cellular  membrane,   or  submucoua  tism  >th, 


Fiff,  236.— From  a  yerttcaJ  Bectioo  through 
the  mucous  membrane  of  tb<*  cardian:  ond  of 
stomach .  Two  pppt ic  glands  are  aho vm  w i Ui  a 
duot  cum  men  to  l)oth^  one  irlAUd  only  in  \mrL 
fi,  duct  with  coluuumr  epithc^Lium  btvombiip: 
shorter  aa  the  c<dk  are  traced  downwanl ;  n. 
neck  of  izJa^id  lulws.  with  central  and  puriet^ 
dW         


or  so-c'Jilled  pept  ic  cellis :  b^  f u  nd  uii  w  i  I  ij  cut^ed 
cw^'aJ  extremity— the  parietal  cells  an?  not  m> 
nuiTierouB   here,    x  *X>. 
Smith.) 
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leYel,  soft,  and  velvety;  of  a  pale  piuk  color  daring  life,  and  in  the  con- 
tracted state  thrown  into  numerous,  chiefly  longitudiiml,  folda  or  ruge, 
which  disappear  when  the  orguii  i^  distended. 

The  basis  of  the  mucous  membrane  is  a  fine  connective  tlBBue,  which 
approaches  closely  in  structure  to  adenoid  tissue;  this  tissue  supportfi 
the  tubulur  glands  of  which  the  superficial  and  chief  part  of  the  mucoua 
membrane  is  composed,  uiid  passing  up  between  them  assists  in  bindiug 
them  together.  Here  and  there  Jire  to  be  found  in  this  coat,  immedi- 
ately underneath  the  glands,  masses  of  adenoid  tissue  sufficiently 
marked  to  be  termed  by  some  lymphoid  follicles^  The  glands  are  sepa- 
ratetJ  from  the  rest  of  the  mucous  membrane  by  a  very  line  homogene* 
ous  basement  membrane. 

At  the  deepest  part  of  the  mucous  membrane  are  two  layers  (circu- 
lar and  longitudinal)  of  unstripetl  muscular  fibres,  chilled  the  mttffctt lam 
mtivosw,  which  separate  the  mucous  membrane  from  the  scanty  m 
mucous  tissue. 


( 


g.  2S7.— Transverse  MCtioo  tlrr<niph  lower  part  of  peptic  f^tands  of  a  cat,    a,  pcpttc  cdHa;  h,  i 
spheroidal  or  cubical  cells:  c.  trausverse  »t^tluti  of  eapiUarffla.    (Frey) 

When  examined  with  a  lens,  the  internal  or  free  surface  of  the  stom- 
ach presents  a  peculiar  honeycomb  appearance,  produced   by  shallow 
polygonal  depressions,  the  diameter  of  which  varies  generally  from  ^^th 
to  ^foth  of  an  inch  (about  125fi) ;  but  near  the  pylorus  is  as  muchai 
y^th  of  an   inch    (250/^).     They  are  separated   by    slightly    elovate<l 
ridges,  which  sometimes,  especially  in  certain  morbid  states  of  the  etom- 
ach,  bear  minute,  narrow  vascular  processes,  which  look  like  villi,  and  I 
have  given  rise  to  the  erroneous  supposition   that  the  stomach  has 
absorbing  villi,  like  those  of  the  small  intestines.     In  the  bottom  of 
these  little  pits,  and  to  some  extent  between  them,  minute  openings  are  ■ 
visible,  which  are  the  orifices  of  the  ducts  of  perpendicularly  arninged 
tubular  glands  (fig,  236),  imbedded  side  by  side  in  sets  or  bundles,  on 
the  surface  of  the  mucous  membrane,  and  composing  nearly  the  whole  ■ 
structure* 

The  glands  of  the  mucous  membrane  are  of  two  varieties,  {a)  Peptic, 
(b)  Pyloric  or  Mucous.  ■ 

(a)  Peptic  glands  are  found  throughout  the  whole  of  the  stomach    ■ 
except  at  the  pylorus.     They  are  arranged  in  groups  of  four  or  ^^^^ 
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hich  are  separated  by  a  tine  connective  tissue.  Two  or  three  tubes 
often  open  into  one  duct,  which  forms  about  ti  third  of  the  whole  length 
of  tlie  tube  and  opens  on  the  surfiice.  The  ducts  are  lined  with  co- 
umar  epitheiiuEi.  Of  the  gland  tnbe  proper,  />,,  the  part  of  the  ghuid 
w  the  dnct,  the  upper  third  is  the  neck  and  tho  rest  the  hodt/.  The 
neck  is  narrower  than  the  body,  and  is  lined  with  gmnular  cubic^il  cells 
which  are  continuous  with  the  columnar  cells  of  the  duct.  Between 
.686  cells  and  the  membnina  propria  of  the  tubes,  are  large  oval  or 
spherical  cells,  opaque  or  granular  in  appearance,  with  clear  oval  nuclei* 
bulging  out  the  membrana  propria;  these  cells  are  called  peptic  or  pa- 
rietal celltf.  They  do  not  form  a  continuous 
hiyer.  The  body,  w^hich  is  broader  than 
the  neck  and  terminates  in  a  blind  ex- 
tremity  or  fundus  near  the  muscularis  mu- 
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Fte.  ^S'-*'^-'*"-' 'iHDwin*  the  pyloric  KlnntR    ».  trt^  Kiirfiwci*;  d.  duots  of  pyloric  glanda;  «, 
neck  w  ■Am  'liind  alTeoU;  mm^  QiiLBciiiaris  muLH^ste.     ( Klf^it  und  Noble  HmiCEi. ) 

Fl|r.  Sti'  iit^  ititood-veiaela  of  the  st^mmeh,  as  tln*y  woulft  be  seco  in  n  v«?rtjcal  Hoctkm, 

-*—'-"!,  ^MfcwiJig  up  rjx»iJi  tlie  veaseU  of  nubmucoiirt  L'<3at:  6,  dapiliudett  brauchinj^  l^etureeQ  ftDd 

tnkwB;  €,  miper^ial  pl«m»  of  capUliirfefini'cwpvinff  thendKcuof  tho  muoousmemlwatie; 

uied  by  tto«  imioti  of  vwiw  which,  having  coII»m_*U'*1  thu  blwid  of  the  superficial  cftpUlary 


1  paeoinj^ down  between  the  tul)e«.    iBrintou.) 

coaie,  is  lined  by  cells  continuous  with  the  cubical  or  central  cells  of 
the  neck,  but  longer,  more  columnar  and  more  transparent.  In  this 
part  are  a  few  parietal   cells  of   the  same  kind   as   in   the   neck   (fig. 

As  the  pylorus  is  approached  the  gland  ducts  become  longer  and 
the  tube  proper  becoraea  shorter,  and  occasionally  branched  at  the 
fundus. 

(b)  Pyloric  Glands.^^These  glands  (fig,  238)  hare  much  longer  ducts 
than  the  peptic  glands.  Into  each  duct  two  or  three  tubes  open  by 
very  short  and  narrow  necks,  and  the  body  of  each  tube  is  bn*     '    '^ , 
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wavy,  and  convoluted.  The  lumen  is  very  large  The  ducts  are  lined 
with  columnar  epithelium,  and  the  neck  and  body  with  shorter  and 
more  granular  cubical-  cells,  which  correspond  with  the  central  cells  of 
the  peptic  glands.  During  secretion  the  cells  become,  as  iu  the  case  of 
the  peptic  glands,  larger  and  the  granules  restricted  to  the  inner  zone 
of  the  cell.  As  they  approach  the  duodenum  the  pyloric  glands  become 
larger,  more  convoluted  and  more  deeply  situated.  They  are  directlj 
continuous  with  Brunner^s  glands  in  the  duodenum.     (Watney.) 

Changes  in  tlie  gland  cells  during  secretion. — The  chief  or  cubical 
cells  of  the  peptic  glands,  and  the  corresponding  cells  of  the  pylorie 
glands  during  the  early  stage  of  digestion,  if  hardened  in  alcohol,  appear 
swollen  and  granular,  and  stain  readily.  At  a  later  stage  the  cells  be- 
come smaller,  but  more  granular  and  stain  even  more  readily.  The 
parietal  cells  swell  up,  but  are  otherwise  not  altered  during  digestion. 
The  granules,  however,  in  the  alcohol-hardened  specimen,  are  believed 
not  to  exist  in  the  living  cells,  but  to  have  been  precipitated  by  the 
hardening  reagent;  for  if  examined  during  life  they  appear  to  be  con- 
fined to  the  inner  zone  of  the  cells,  and  the  outer  zone  is  free  from 
granules,  whereas  during  rest  the  cell  is  granular  throughout.  These 
granules  are  thought  to  be  pepsin,  or  the  substance  from  which  pepsin 
is  formed,  pepsinogen^  which  is  during  rest  stored  chiefly  in  the  inner 
zone  of  the  cells  and  discharged  into  the  lumen  of  the  tube  during 
secretion.     (Langley.) 

Lymphatics, — Lymphatic  vessels  surround  the  gland  tubes  to  a 
greater  or  less  extent.  Toward  the  fundus  of  the  peptic  glands  are 
found  masses  of  lymphoid  tissue  which  may  appear  as  distinct  follicles^ 
somewhat  like  the  solitary  glands  of  the  small  intestine. 

Blood-vessels. — The  blood-vessels  of  the  stomach,  which  first  break 
up  in  the  sub-mucous  tissue,  send  branches  upward  between  the  closelj 
packed  glandular  tubes,  anastomosing  around  them  by  means  of  a  fine 
capillary  network,  with  oblong  meshes.  Continuous  with  this  dee])er 
plexus,  or  prolonged  upward  from  it,  so  to  speak,  is  a  more  superficial 
network  of  larger  capillaries,  which  branch  densely  around  the  orifices 
of  the  tubes,  and  form  the  framework  on  which  are  moulded  the  small 
elevated  ridges  of  mucous  membrane  bounding  the  minute,  polygonal 
pits  before  referred  to.  From  this  superficial  network  the  veins  chiefly 
take  their  origin.  Thence  passing  down  between  the  tubes,  with  no 
very  free  connection  with  the  deeper  inter'tuhnlar  capillary  plexus, 
they  open  finally  into  the  venous  network  in  the  submucous  tissue. 

Nerves, — The  nerves  of  the  stomach  are  derived  from  the  pneumo- 
gastric  and  sympathetic,  and  form  a  plexus  in  the  sub-mucous  and  mus- 
cular coats  containing  many  ganglia  (Remak,  Meissner). 


POOD   AND   DIGESTION. 


315 


V  Gastric  Juice* 

^  The  functions  of  the  stomuch  are  (u)  to  secrete  a  digestive  fluid,  the 
giistric  juice,  to  the  action  of  which  the  food  is  subjected  after  it  has 
entered  the  cavity  of  the  stomach  from  the  oDaophagiis;  (b)  to  thor- 

•OQghly  incorporate  the  fluid  with  the  food  by  riieaue  of  its  museukr 
movements;  and  (c)  to  absorb  such  substances  as  are  ready  for  absorp- 
tion. While  the  stomach  contains  no  food,  and  is  iniictive*  no  gastric 
fluid  is  secreted;  and  mucus,  which  is  either  neutral  or  slightly  alkaline, 
covers  its  surface.     But  immediately  on  the  introduction  of  food  or  other 

I  substance,  the  mucous  membrane,  i>reviously  quite  pale,  becomes  slightly 
turgid  and  reddened  with  the  influx  of  a  larger  quantity  of  blood;  the 
gastric  glands  commence  secreting  actively,  and  an  acid  fluid  is  poured 
€at  in  minute  drops,  which  gradually  run  together  and  flow  down  the 
imlls  of  the  stomach,  or  soak  into  the  substances  within  it. 
Chemical  Composilion. — The  first  accurate  analysis  of  gastric  juice 
iras  made  by  Front:  but  it  does  not  appear  to  have  been  collected  in 
any  large  quantity,  or  pure  and  separate  from  food,  until  the  time  when 
Beaumont  was  enabled,  by  a  fortunate  circumstance,  to  obtain  it  from 

»fche  stomach  of  a  man  named  St  Martin,  in  whom  there  existed,  as  the 
result  of  a  gunshot  wound,  an  opening  leading  directly  into  the  stomuch, 
near  the  upper  extremity  of  the  great  curvature,  and  three  inches  from 
the  cardiac  orifice.  The  introduction  of  any  mechanical  irritant,  such 
as  the  bulb  of  a  thermometer,  into  the  stomach,  through  this  artificial 
opening,  excited  at  once  the  secretion  of  gjistric  fluid.  This  was  drawn 
off,  and  waa  often  obtained  to  the  extent  of  nearly  an  ounce.  The  in- 
troduction of  alimentsiry  substances  caused  a  mucli  more  rapid  and 
abundant  secretion  than  did  other  mechanical  irritants.  No  increase  of 
temperature  could  be  detected  during  the  most  active  secretion;  the 
thermometer  introduced  into  the  stomach  always  stood  at  37.8°  C.  (lOO"* 
F.)  except  during  muscular  exertion,  when  the  temperature  of  the  stom- 
ach, like  that  of  other  parts  of  the  body,  rose  one  or  two  degrees  higher. 
The  chemical  composition  of  human  gastric  juice  has  been  also  in- 
vestigated by  Schmidt.  The  fluid  in  this  case  was  obtained  by  means 
of  an  accidental  gastric  fistula,  which  existed  for  several  years  below 
the  left  mammary  region  of  a  patient  between  the  c^irtilages  of  the  ninth 
and  tenth  ribs.  The  mucous  membrane  was  excited  to  action  by  the 
introduction  of  some  hard  matter,  such  a^  dry  peas,  and  the  secretion 
was  removed  by  means  of  an  elastic  tube.  The  fluid  thus  obtained  was 
found  to  be  acid,  limpid,  odorless,  with  a  mawkish  taste — with  a  specific 
gravity  of  1002  to  1010.  It  contained  a  few  cells,  seen  with  the  micro- 
scope, and  some  fine  granular  matter.  The  analysis  of  the  fiuid  obtained 
in  this  way  is  given  below.     The  gastric  juice  of  dogs  and  other  animals 
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obtained  by  the  introdaction  into  the  stomach  of  a  clean  sponge  througli 
an  artificially  made  gastric  fistala,  shows  a  decided  difference  in  compo- 
sition^ but  possibly  this  is  due,  at  least  in  part,  to  admixture  with  food. 

CHEanCAL  COMFOSmON  OF  GASTRIC  JOGS. 

Dof^         HanuiL 

Water 971.17       W4.4 

Solids 28.82  5.» 


Solids- 
Ferment— Pepsin         17.5  3.19 

Hydrochloric  acid  (free) 2.7  .2 

Salts- 
Calcium,  sodium,  and  potassium,  chlorides ;  and 
calcium,  magnesium,  and  iron,  phosphates  8.57  2.18 

The  quantity  of  gastric  juice  secreted  daily  has  been  yarionsly  esti- 
mated; but  the  average  for  a  healthy  adult  may  be  assumed  to  range 
from  ten  to  twenty  pints  in  the  twenty-four  hours.  The  acidity  of  the 
fluid  is  due  to  free  hydrochloric  acid,  although  other  acids^  e.gj  lacticj 
acetic,  butyric,  are  not  infrequently  to  be  found  therein  as  products  of 
gastric  digestion  or  abnormal  fermentation.  The  amount  of  hydro- 
chloric acid  varies  from  2  to  .2  per  1000  parts.  In  healthy  gastric 
juice  the  amount  of  free  acid  may  be  as  much  as  .2  per  cent. 

There  is  but  little  doubt  that  hydrochloric  acid  is  the  proper  acid  of 
healthy  gastric  juice,  and  various  tests  have  been  used  to  prove  this; 
most  of  these  depend  upon  changes  produced  in  aniline  colors  by  the 
action  of  hydrochloric  acid,  even  in  minute  traces,  whereas  lactic  and 
other  organic  acids  have  no  such  action.  Of  these  tests  the  following 
may  be  mentioned. 

An  aqueous  alkaline  solution  of  00  tropwolin,  a  bright  yellow  dye, 
is  turned  red  on  the  addition  of  a  minute  trace  of  hydrochloric  acid;  and 
iiqueous  solutions  of  methyl  violet  and  gentian  violet  are  turned  blue 
under  the  same  circumstano»es.  The  lactic  acid  sometimes  present  in 
the  contents  of  the  stomach  is  derived  partly  from  the  sarcolactic  acid 
of  muscle,  and  partly  from  lactic  acid  fermentation  of  carbohydrates. 
Lactic  acid  (CaUeOs),  if  present,  gives  the  following  test.  A  solution  of 
10  cc.  of  a  4  per  cent  aqueous  solution  of  ciirbolic  acid,  20  cc.  of  water, 
and  one  drop  of  liquor  ferri  perchloride  is  made,  forming  a  blue-colored 
mixture;  a  mere  tmce  of  free  lactic  acid  added  to  such  a  solution  causes 
it  to  become  yellow,  whereas  hydrochloric  acid  even  in  large  amount 
only  bleaches  it. 

As  regards  the  formation  of  pepsin  and  acid,  the  former  is  produced 
by  the  central  or  chief  cells  of  the  peptic  glands,  and  also  most  likely  by 
the  similar  cells  in  the  pyloric  glands;  the  acid  is  chiefly  found  at  the 
surface  of  the  mucous  membrane,  but  is  in  all  probability  formed  by  the 
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^iMirietal  cells  of  the  puptic  glands,  hence  called  oxviitic,  as  no  acid  ig 
■formed  by  the  pyloric  gluiids  in  wliieh  this  variety  of  cell  is  absent. 

The  ferment  Pepjtin  can  be  procurtHl  by  digesting  porticjua  of  the  mucous 

^  Snennbnme  of  tlie  stomach  iti  cold  water,  after  tbey  have  been  macerated  for 

k  some  time  in  water  at  a  temperature  27'— 3T.b'  C.  (80"— 100'   F,).     The    warm 

'  water  dlseolTos  various  Hubstances  as  well  as  some  of  the 'pepsin,  but  the  cold 

wmter  takes  up  little  el^e  than  pepsin,  which  is  contained  la  a  grayish -brown 

Tteid  fluid,  on  evaporating  the  cold  solution.     The  addition  of  alcoliol  throws 

down  tlie  pepsin  in  grayish-white  flocculi.     Glycerine  also  has  tlie  propt*rt>"  of 

di»i>lviDg  out   the  ferment;  and   if  the  mucous  membrane  l>e  finely  miocetl. 

and  tlie  moisture  reinovt'd  by  absolute  alcohol,  a  powerful  ejc tract  may  ho 

obtained  by  throwing  int<j  glycerine. 

Functions, — {^0  The  chief  digestire  power  of  the  gi^tric  juice  de- 
pends on  the  pepsin  and  acid  contained  in  it,  both  of  which  are,  under 
ordinary  circumstances,  necessary  for  the  process. 

The  general  effect  of  digeation  in  the  stomach  is  the  conversion  of 
the  food  into  chynif,  a  substance  of  vurying  composition  according  to 
the  nature  of  tho  food,  yet  always  i)resenting  a  characteristic  thir-k, 
pultaceous,  gruraous  consistence,  with  the  undigested  portions  of  the 
food  mixed  in  a  more  fluid  substance^  and  a  strong,  disagreeable  acid 
odor  and  taste. 

The  chief  function  of  the  gastric  juice  is  to  convert  protei/h  tnUt 
peptones.  This  action  may  be  shown  by  adding  a  little  gastric  juice 
(natiinil  or  artificial)  to  some  diluted  egg-albuniin,  and  keeping  the  mix- 
ture at  a  temperature  of  about  3t.H''  C.  (100'  F,) ;  it  is  soon  found  tliat  the 
albumin  cannot  be  precipitated  on  boilings  but  that  if  the  solution  be 
neutralized  with  an  alkali*  a  precipitate  of  acid-iilbumin  is  thrown  down. 
After  a  while  tlie  acid-albumiii  disappears,  so  that  no  precipitate  results 
on  neutralization,  and  finally  it  is  found  that  all  the  albumin  has  been 
changed  into  another  proteid  substance  which  is  not  precipitated  on 
boiling  or  on  neutralization.  This  is  called  peptone^  but  in  the  conver- 
sion of  the  albumin  into  peptone  there  are  various  intennedirite  prod* 
nets  called  proivoses.  Of  these  there  are  two  chief  forms,  viz.,  proto- 
nlhumose  and  deiUero-alhumoae. 

CharacierMics  of  Pepfones, — ^ Peptones  have  a  certain  characteristic 
which  distinguishes  them  from  other  proteids.  They  are  diffusihfe,  ij\, 
they  possess  the  property  of  jmssing  through  animal  membranes. 

In  their  diflfusibility  peptones  differ  remarkably  from  egg-albumin, 
and  oTt  this  diffusibility  depends  one  of  their  chief  uses.  Egg-albumin 
as  such,  even  in  a  state  of  solution,  would  be  of  little  service  as  food^ 
inasmuch  as  its  indiffusibility  would  effectually  prevent  its  passing  by 
absorption  into  the  blood-vessels  of  the  stomach  and  intestinal  c^imiL 
When  completely  changed  by  the  action  of  the  gastric  juice  into  pe{> 
tones,  albuminous  matters  ih'ffu,<fe  readily,  and  are  thus  quickly  absorbed. 
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After  entering  the  blood  the  peptones  are  very  soon  again  modified, 
80  as  to  reassume  the  chemical  characters  of  albumin^  a  change  as  ne^ 
essary  for  preventing  their  diffusing  out  of  the  blood-vesselSy  as  the 
previous  change  was  for  enabling  them  to  pass  in.  This  is  effected, 
probably,  in  great  part  by  their  passage  through  the  vascular  walls. 

Prodticts  of  Gastric  Digestion, — The  chief  product  of  gastric  diges- 
tion is  undoubtedly  peptone.  It  should  be  stated,  however,  that  the 
conversion  of  native  albumin  into  acid-albumin  may  be  effected  by  the 
hydrochloric  acid  alone,  the  further  action  is  undoubtedly  due  to  the 
ferment  and  the  acid  acting  together,  as  although  under  high  pressure 
any  acid  solution  may,  it  is  said,  if  strong  enough,  produce  the  entire 
conversion  into  peptone,  under  the  condition  of  digestion  in  the  stomach 
this  would  be  quite  impossible;  and,  on  the  other  hand,  pepsin  will  not 
act  without  the  presence  of  acid.  The  production  of  the  two  forms  of 
peptone  above  mentioned  is  usually  recognized.  Their  differences  in 
chemical  properties  have  not  yet  been  made  out,  but  they  are  distin- 
guished by  this  remarkable  fact,  that  the  pancreatic  juice^  while  pos- 
sessing no  action  over  the  anti-peptone,  is  able  to  convert  the  hemi- 
peptone  into  two  nitrogenous  crystallizable  bodies,  leucin  and  tyrosin. 
Pepsin  acts  the  part  of  a  hydrolytic  ferment  (proteolytic),  and  appears 
to  cause  hydration  of  albumen,  peptone  being  a  highly  hydrated  form 
of  albumin. 

According  to  recent  observations  a  molecule  of  albumen  may  be 
considered  to  be  made  up  of  two  parts,  a  hemi-albumin  moiety  and  an 
anti-albumin  moiety,  and  the  conversion  of  these  parts  by  the  action 
of  gastric  juice  has  been  drawn  up  into  the  following  table  by  Halliburton 
from  the  researches  of  Neumeister. 

Albumin. 

I 


Hemi-Albumin.  Anti-Albumin. 

I ! 

I 


Proto-AU)umose.  Hetero-AIbumose.  Anti- Albuminate. 

Henii-deutero  Amnho-deutero  Anti-AlDumid. 

Albumose.  Albuniose.  | 

I  I  Anti-deutero  Albumoee. 

Hemi-Peptone.  Ampho-Peptone.  Anti-Peptoue. 

Proto-albumose,  the  first  product,  is  soluble  in  either  hot  or  cold 
water,  as  well  as  in  hot  or  cold  saline  solution,  but  is  precipitated  by 
saturation  with  solid  sodium  chloride  or  magnesium  sulphate,  as  well  as 
with  solid  ammonium  sulphate.  On  the  addition  of  copper  sulphate 
it  is  precipitated,  and  the  precipitate  is  redissolved  on  addition  of  caustic 
potash  forming  a  rose  red  solution  (biuret  test). 

Hetero-albumose  differs  from  proto-albumose  in  being  insoluble  in  hot 
or  cold  water;  it  is  soluble  in  hot  or  cold  saline  solutions,  but  is  precip- 
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ptatod,  not  coagulated,  at  a  temperature  of  65"  C.     In  all  other  respects 
[it  resembles  proto-albuojose. 

Deuierchalbumose  is  soluble  in  hot  or  cold  water,  as  well  as  in  hot  or 
Did  saline  solution.     It  is  not  precipitated  by  saturation  with  solid 
lium  chloride  or  magnesium  sulphute,  but  in  all  other  respects  re- 
ambles  the  other  albumoses. 

Prptonr  reacts  to  the  same  test  as  deutero-albumose^  but  is  not  pre- 
|cipituted  on  aatnrittion  with  ammoniuni  sulpl^ate. 

In  the  above  table  then  the  iiltinicite  result  is  seen  to  be  peptone; 
lliemi-albumin  yielding  proto-ulbaniose  and  hetero-alburaose  in  the  first 
]  instance;  then  hemi-deutero-alhumose^  then  hemi-peptone;  anti-albumin 
■jrielding  first  hetero-albumose  an«i  anti-albuminate  (or  acid-albumin), 
Tlfaen  anti-deutero-albumose;  anti-albuniid,  an  insohible  product,  slowly 
fjfielding  anti-deutero-albumose,  and  finally  anti-peptone.  The  term 
[ampho-deutero-ulhumosc,  and  ampho-peptone  indicating  a  mixture  of 
the  hemi  and  anti  products  respectively, 

Circmmtancea  favoring   Gmtric  Digestion,^- 1.   A  temperature   of 

[about  37,8°  C.  (100'  K);  at  0^  C\  (32^  F.)  it  is  delayed,  and  by  boiling  is 

1  altogether  stopped.     2.  An  acid  medium  is  necessary.     Hydrochloric  is 

the  best  acid  for  the  purpose.     Excess  of  acid  or  neutralization  stops  the 

process.    3.  The  removal  of  the  products  of  digestion.    Excess  of  peptone 

delays  the  action. 

I  a.  Fibrin  is  firfit  dissolved,  forming  a  solution  of  globulins.  The 
intermediate  products  of  the  digestion  of  globulins  are  called  globuloses; 
of  vitellin,  vitelloses;  of  casein,  caseinoses;  of  myosin,  myosinoses. 
These  are  practically  the  siime  as  albumoses,  and  are  included  under 
the  term  proteoses. 

I  L  Proteids, — All  proteids  are  converted  by  the  gastric  juice  into 
peptones,  and,  therefore,  whether  they  be  taken  into  the  body  in  meat, 
eggs,  milk,  breud,  or  other  foods,  peptone  is  still  the  resultant. 

c.  Milk  is  curdled,  the  casein  being  precipitated,  and  then  dissolved, 
The  curdling  is  due  to  a  special  ferment  of  the  gastric  Juice,  and  is  not 
due  to  the  action  of  the  free  acid  only.  The  effect  of  rennet,  which  is 
a  decoction  of  the  fonrtli  stomach  of  a  calf  in  brine  (rennet),  has  long 
been  known,  as  it  is  used  extensively  to  c^iuse  precipitation  of  casein  in 
cheese  manufacture.  The  ferment  which  produces  this  curdling  action 
is  distinct  from  pepsin,  and  is  called  n'tmiji. 

d.  Gelatin  is  dissolved  and  changed  into  peptone,  as  are  also  chondrin 
and  elastin;  but  mucin,  and  the  harny  iissHe,%  which  contain  keratin 
generally  are  unatfected. 

e.  On  the  amy!uvmHi<  articles  of  food,  and  upon  pure  oteaqinmis  prin- 
ciples the  gastric  juice  has  no  action.  In  the  case  of  adipose  tissue,  its 
effect  ifl  to  dissolve  the  areolar  tissue,  albuminous  cell-walls,  etc.,  which 
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enter  into  its  composition^  by  which  means  the  fat  is  able  to  mingle 
more  uniformly  with  the  other  constituents  of  the  chyme. 

The  gastric  fluid  acts  as  a  general  solvent  for  some  of  the  sdm 
constituents  of  the  f ood^  as^  for  example^  particles  of  common  salt,  wliich 
may  happen  to  have  escaped  solution  in  the  saliva;  while  its  acid  maj 
enable  it  to  dissolve  some  other  salts  which  are  insoluble  in  the  latter 
or  in  water. 

/.  It  also  dissolves  cane  sugar,  and  by  the  aid  of  its  mncns  (which 
may  contain  an  inverting  ferment)  causes  its  conversion  in  part  into 
grape  sugar. 

g.  The  action  of  the  gastric  juice  in  preventing  and  checking  putre- 
faction has  been  often  directly  demonstrated.  Indeed^  that  the  secre- 
tions which  the  food  meets  with  in  the  alimentary  canal  are  antiseptic  in 
their  action,  is  what  might  be  anticipated,  not  only  from  the  pronenesi 
to  decomposition  of  organic  matters,  such  as  those  used  as  food, 
especially  under  the  influence  of  warmth  and  moisture,  but  also  from 
the  well-known  fact  that  decomposing  flesh  {e.g.,  high  game)  may  be 
eaten  with  impunity,  while  it  would  certainly  cause  disease  were  it 
allowed  to  enter  the  blood  by  any  other  route  than  that  formed  by  the 
organs  of  digestion. 

Ti7ne  occupied  in  Gastric  Digestion. — Under  ordinary  conditions, 
from  three  to  four  hours  may  be  taken  as  the  avenige  time  occupied  by 
the  digestion  of  a  meal  in  the  stomach.  But  many  circumstances  will 
modify  the  rate  of  gastric  digestion.  The  chief  are:  the  nature  of  the 
food  taken  and  its  quantity  (the  stomach  should  be  fairly  filled — not 
distended) ;  the  time  that  has  elapsed  since  the  last  meal,  which  should 
be  at  least  enough  for  the  stomach  to  be  quite  clear  of  food ;  the  amount 
of  exercise  previous  and  subsequent  to  a  meal  (gentle  exercise  being  fa- 
vorable, over-exertion  injurious  to  digestion) ;  the  state  of  mind  (tran- 
quillity of  temper  being  essential,  in  most  cases,  to  a  quick  and  due  di- 
gestion), and  the  bodily  health. 

Movements  of  the  Stomach. — The  gastric  fluid  is  assisted  in  accom- 
plishing its  share  in  digestion  by  the  movements  of  the  stomach.  In 
granivorous  birds,  for  example,  the  contraction  of  the  strong  muscular 
gizzard  aflortls  a  necessary  aid  to  digestion,  by  grinding  and  triturating 
the  hard  seeds  which  constitute  part  of  the  food.  But  in  the  stomachs 
of  man  and  other  Mammalia  the  movements  of  the  muscular  coat  are 
too  feeble  to  exercise  any  such  mechanical  force  on  the  food;  neither 
are  they  needed,  for  mastication  has  already  done  the  mechanical  work 
of  a  gizzard;  and  experiments  have  demonst^rated  that  substances  are 
digested  even  iaclosed  in  perforated  tubes,  and  consequently  protected 
from  mechanical  influence. 

The  normal  actions  of  the  muscular  fibres  of  the  human  stomach 
appear  to  have  a  three-fold  purpose:  (1)  to  adapt  the  stomach  to  the 
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quantity  of  food  in  it,  so  that  its  walls  may  be  in  eonta€t  with  the  food 
on  all  eidea^  andy  at  the  aame  time,  may  exerciBe  a  certain  amount  of 
compresfiion  upon  it;  (2)  to  keep  the  orificeBof  the  stomach  closed  until 
the  food  is  digested;  and  (3)  to  perform  certain  peristaltic  movements, 
whereby  the  food,  as  it  becomes  cliymified,  is  gniduallj  propelled  toward, 
and  ultimately  through,  the  pylorus.  In  accomplishing  this  latter  end, 
the  movements  without  doubt  materially  contribute  toward  effecting  a 
thorough  intermingling  of  the  food  and  the  gastric  fluid. 

When  digestion  is  not  going  on,  the  stomach  is  uniformly  contracted, 
ita  orifices  not  more  firmly  tban  the  rest  of  its  walls;  but,  if  examined 
shortly  after  the  introduction  of  food,  it  is  found  closely  encircling  its 
contents,  and  its  orifices  are  firmly  closed  like  sphincters.  The  cardiac 
orifice,  every  time  food  is  swallowed,  opens  to  admit  its  passiige  to  the 
stomach,  and  immediately  again  doses.  The  pyloric  orifice,  during  the 
first  part  of  gastric  digestion,  is  usually  so  completely  closed,  that  even 
when  the  stomach  is  separated  from  the  intestines,  none  of  its  contents 
escape.  But  toward  the  terminatiou  of  the  digestive  process,  the  pylorus 
eeems  to  offer  less  resistance  to  the  passage  of  substances  from  the  stom* 
ach;  first  it  yields  to  allow  the  successively  digested  portions  go  through 
it;  and  then  it  allows  the  transit  of  even  undigested  subatances.  It  ap- 
pears that  food,  so  soon  as  it  enters  the  stomach,  is  subjected  to  a  kind 
of  peristaltic  action  of  the  muscular  coat,  whereby  the  digested  portions 
are  gradually  moved  toward  the  pylorus.  The  movements  were  observed 
to  increase  in  rapidity  as  the  process  of  chymification  advanced,  and  were 
continued  until  it  was  completed. 

The  contraction  of  the  fibres  situated  toward  the  pyloric  end  of  the 
stomach  seems  to  be  more  energetic  and  more  decidedly  peristaltic  than 
those  of  the  cardiac  portion.  Thus,  it  was  found  in  the  case  of  St  Mar- 
tin, that  when  the  bulb  of  tlie  thermometer  was  placed  about  three  inches 
from  the  pylorus,  through  the  gastric  fistula,  it  was  tightly  embraced 
from  time  to  time,  and  drawn  toward  the  pyloric  orifice  for  a  distance  of 
three  or  touv  inches.  The  objoet  of  this  movement  appears  to  be,  as 
just  said,  to  Ctirry  the  food  toward  the  pylorus  as  fast  as  it  is  formed  into 
chyme,  and  to  propel  the  chyme  into  the  duodenum;  the  undigested 
portions  of  food  being  kept  back  until  they  are  also  reduced  into  chyme, 
or  until  all  that  is  digestible  has  passed  out.  The  action  of  these  fibres 
is  often  seen  in  the  contracted  state  of  the  pyloric  portion  of  the  stom- 
ach after  death,  when  it  alone  is  contracted  and  firm,  while  the  cardiac 
portion  forms  a  dilated  sac.  Sometimes,  by  a  predominant  action  of 
strong  circular  fibres  placed  between  the  cjirdia  and  pylorus,  the  two  por- 
tions, or  ends  as  tliey  arc  called,  of  the  stomach,  are  partially  separated 
from  each  other  by  a  kind  of  hour-glass  contraction.  By  means  of  the 
peristaltic  action  of  the  muscular  coats  of  the  stomach,  not  merely  is 
chymified  food  gradually  propelled  through  the  pylorus,  but  a  kind  of 
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doable  current  is  continaallj  kept  ap  among  the  contents  of  the  Btomadi, 
the  circumferential  parts  of  the  mass  being  gradually  moved  onmi 
toward  the  pylorus  by  the  contraction  of  the  mascnlar  fibres,  while  the 
central  portions  are  propelled  in  the  opposite  direction,  namely  towiij 
the  cardiac  orifice;  in  this  way  is  kept  up  a  constant  circulation  of  the 
contents  of  the  viscus,  highly  conducive  to  their  free  mixture  with  the 
gastric  fluid  and  to  their  ready  digestion. 

Influence  of  the  Nenrous  System. — ^The  normal  movements  o( 
the  stomach  during  gastric  digestion  do  not  appear  to  be  so  closely  con- 


Fl(f.  240.— Very  diafijammatif;  repreflentation  of  the  nerves  of  the  alimentary  canal.  O©  to  Ret 
ihe  varioiJH  partH  of  ttu*  aliinentao*  canal  from  cesopha^^us  to  re<.<:tum;  L.  V,  left  YBf^uK,  ending  <m 
front  of  HUimuch;  rl,  rHciirrent  Iar>'n^eal  nerve,  supply in^  upix»r  part  of  oesopbafrus;  R.V.  liJRfat 
vaKiw,  joiniriK  l«'ft  vagiis  in  rpsr>phagejil  plexuH:  <.v.yn.  supplying  the  ix)8terior  part  or  stomach,  and 
roiitiniit-K  HH  li'V  Ut  Join  tin*  w»lar  plexus,  hen*  repn'sented  by  a  single  ganKliou,  and  connected  with 
the  inffrior  m*nt»tiitt'ru',  ganglion  m.gl.:  a,  branches  from  the  solar  plexus  to  stomach  and  smaU 
int4*Htiri«'.  anrl  from  the  nn'senUTie  ganglia  to  tlie  lari^e  intestine:  SjiLmaj..  laive  splanchnic  nerve, 
arinini;  fmni  the  thora4ric;  (oingliu  and  rami  cominunicant<ni;  r.c.  Vielonghig  to  dorsal  nen-es  from 
the  tith  to  the  Oth  (or  lOth):  Spl.min.,  small  splnnclmic  nerve  similarly  from  the  10th  and  11th  dorsal 
ni*rv(w.  Thesi*  l>oth  join  the  solar  plexus,  and  thence  make  their  way  to  the  alimentary  canal:  c.r^ 
n«^rv47s  from  the  ganglia,  trtc.  Iielonging  to  11th  and  I'^h  dorsal  and  1st  and  2d  lumbar  nerveit. 
prrx:e<'ding  to  the  infi-rior  mesenteric  ganglia  (or  plexus),  m.gl..  and  thence  by  the  hvpo^raetnc 
nerve,  n.hyp..  and  the  liyiK)gaHtric  ner\'e.  n.hyp.,  and  the  l»y|H>jrastrie  plexus,  pl.hvp.,  to  the  eircolar 
muscles  of  the  n*cfum ;  l.r,  n»'rvi's  from  the  '2<l  and  :kl  sacral  ner^•es.  S.S,  S.3  (nervi  erigentes) 
pnx^eeding  by  the  hypogastric  plexus  to  the  longitu<linal  nuLscles  of  the  rectum.    (M.  Foster.) 

nectcd  with  the  plexuses  of  nerves  and  ganglia  contained  in  its  walls  as 
was  formerly  supposed.  The  action,  however,  appears  to  be  set  up  by 
the  presence  of  food  within  it.  The  stomacli  is,  moreover,  directly  con- 
nected with  the  higher  nerve-centres  by  means  of  branches  of  the  vagi 
and  of  the  splanchnic  nerves  through  the  solar  plexus. 

The  exact  function  of  the  vagi  in  connection  with  the  movements 
is  not  certainly  known.  Irritation  of  the  vagi  produces  contraction  of 
the  stomach,  if  digestion  is  proceeding;  and  on  the  other  hand,  peristaltic 
action  is  retarded,  altliough  it  is  not  stopped,  when  these  nerves  are  di- 
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Boed,  On  the  other  hand,  there  are  other  nerve-fibres,  which  reach  t]je 
komach  and  iiiteetiiies  through  the  solar  plexus.  These  fibres  puss  from 
■he  spinal  cord  in  the  anterior  roots  of  the  nerves  from  the  sixth  to  the 
■Welfth  dorsal  process  in  the  spknehnic  nerves  to  the  solar  plexus,  and 
■heuce  to  the  stomach,  Stiranlation  of  the  splancbnics  causes  stoppage 
mt  the  muscular  movements  as  well  as  constriction  of  the  blood-vessek. 
frhus  it  seems  probable  that  automatic  peristaltic  contraction  is  inher- 
pnt  in  the  muscular  coat  of  the  stomachj  and  that  the  central  nervous 
■jstem  is  only  employed  to  regulate  it  by  impulses  passing  down  by  the 
vagi  or  splanchnic  nerves. 

I  Bernard,  watching  the  act  of  gastric  digestion  in  dogs  which  had 
■fistulous  openings  into  their  stomachs,  saw  that  iujmediately  on  the  di- 
Irision  of  their  vagi  nerves,  the  process  of  digestion  was  stopped,  and  the 
Btiaeous  membrane  of  the  stomach,  previously  turgid  with  blood,  became 
fcale,  and  ceased  to  secrete;  but  although  division  of  both  vagi  always 
nemporarily  suspends  the  secretion  of  gastric  fluid,  and  so  arrests  the 
process  of  digestion^  being  occasionally  followed  by  death  from  inani- 
Rion;  yet  the  digestive  powers  of  the  stomach  may  be  completely  restored 
tfter  the  operation,  and  the  formation  of  chyme  and  the  nutrition  of  the 
knimal  may  be  carried  on  almost  as  perfectly  as  in  health. 
I  Bernard  further  found  that  stimulation  of  the  vagi  excited  an  active 
fcecretion  of  the  fiuid  and  that  stimulation  of  the  splanchnics  caused  a 
Idiminution  and  even  a  complete  arrest  of  the  secretion. 
I  Stimulation  of  the  vagi  at  any  rate  produces  an  effect,  besides  peris- 
Italsis  of  the  stomach,  it  causes  dilatation  of  the  blood-vessels  of  the  or- 
igan, in  other  words  acts  as  a  vaso-dilator  nerve. 

I       The  influence  of  the  higher  nerve-centres  on  gastric  digestion,  as  in 
pthe  case  of  mental  emotion,  is  too  well  known  to  need  more  than  a  ref- 
erence. 

Digestion  of  the  Stomach  after  Death.^-lf  an  animal  die  during  the  pro- 
I  of  gastric  digestion,  and  when,  therefore,  a  quantity  of  gastric  juice 
is  present  in  the  interior  of  the  stomach,  the  walls  of  this  organ  itself  are 
frequently  themselves  acted  on  by  their  own  Secretion,  and  to  such  an 
extent,  that  a  perforation  of  considerable  size  may  be  produced,  and  the 
contents  of  the  stomach  may  in  part  escape  into  the  cavity  of  the  abdo- 
men. This  phenomenon  is  not  infrequently  observed  in  post-fnortem  ex- 
aminations of  the  human  body*  If  a  rabbit  be  killed  during  a  period 
of  digestion,  and  afterward  exposed  to  artificial  warmth  to  prevent  its 
temperature  from  falling,  not  only  the  stomach,  but  many  of  the  sur- 
rounding parts  will  be  found  to  have  been  dissolved  (Pavy). 

From  these  facts,  it  becomes  an  interesting  qucstii^n  why,  during 
life,  the  stomach  is  free  from  liability  to  injury  from  a  secretion,  which, 
Bufter  death,  is  capable  of  such  destructive  effects. 
H       It  is  only  necessary  to  refer  to  the  idea  of  Bernnrd,  that  the  living 
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for  t«Q  dmji.  It  ttla  food  evefj  dsy,  and  iffmfd  ficut^ly  affected  br 
the  opeiBtioiL  Life  was  deatrofed  wliiia  djgcataon  was  being  csuricd  on, 
and  the  lesion  m  the  stoniMdi  was  iaoati  yetry  nMriy  repaired ;  new  mai- 
ter  had  been  deposited  in  the  pbce  of  what  had  been  remored^  and  tli€ 
denuded  spot  had  ooottaeted  to  mnch  leas  than  its  original  dimensions.' 

PaTj  belieres  that  the  nAtond  aTkalmity  of  the  Mood,  which  circa- 
Isles  80  freelj  daring  life  in  the  walls  of  the  stomach,  is  smfficient 
neutralize  the  acidity  of  the  gastric  jnice;  and  ae  nay  he  gathered  from 
what  has  been  preTioiuly  said,  the  neutralisation  of  the  acidity  of  tbe 
ic  secretion  ia  quite  sufficient  to  destroy  its  digestiTe  powers;  bat 

\  experiments  adduced  in  faror  of  this  theory  are  open  to  many  objec- 
and  afford  only  a  ne^tiTe  support  to  the  conclusions  they  are  in- 
tended to  proTe.  Again^  the  pancreatic  secretion  acts  best  on  proteids 
m  an  '^^^*^^*ne  medinm;  but  it  has  no  digestive  action  on  the  Uring  in- 
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leatine.     No  satisfactory  theory  of  the  reason  why  the  stomach  does  uot 
digeei  itself  bus  yet  been  suggested. 

VOMITIKO. 

The  expulsion  of  the  cotitentg  of  the  stomach  in  vomiting,  like  that 
of  mucus  or  other  matter  from  the  lungs  in  conyhinfjt  is  preceded  by 
an  inspiration ;  the  glottis  is  then  closed^  and  immediately  afterward  the 
abdominal  muscles  strongly  act;  but  here  occurs  the  difference  in  the 
two  actions.  Instead  of  the  vocal  cords  yielding  to  the  action  of  the  ab- 
dominal muscles^  they  remain  tightly  closed.  Thus  the  diaphragm  being 
unable  to  go  up,  forms  an  unyielding  surface  against  whinb  the  stomach 
can  be  pressed.  In  this  way,  as  well  as  by  its  own  contruction,  the  dia.- 
phmgm  \&  fixed t  to  use  a  technical  jihmse.  At  the  same  time  the  cardmc 
sphincter-muscle  being  relaxed,  and  the  orifice  which  it  naturally  guards 
being  actively  dilated,  while  the  jit/lorus  is  closed,  and  the  stomach  itself 
also  contracting,  the  action  of  the  abdominal  muscles,  by  these  means 
aaeisted,  expels  the  contents  of  the  organ  through  the  cesophagua, 
pharynx,  and  mouth.  The  reversed  poristaltic  action  of  the  a^sophagus 
probably  increases  the  effect. 

It  has  been  frequently  stated  that  the  stomach  itself  is  quite  passive 
during  vomiting,  and  that  the  expulsion  of  its  contents  is  effeuted  solely 
by  the  pressure  exerted  upon  it  when  the  capacity  of  tlie  abdomen  is  di- 
minished by  the  contraction  of  the  diaphragm,  and  subsequently  of  the 
abdominal  muscles.  The  experiments  and  observations,  however,  which 
are  supposed  to  confirm  this  statement,  only  show  that  the  contraction 
of  the  abdominal  muscles  alone  is  sufficient  to  exi>el  matters  from  an 
unresisting  bag  through  the  oesophagus;  and  that,  under  very  abnormal 
circumstances,  the  stomach,  by  itself,  cannot  expel  its  contents.  They 
by  DO  means  show  that  in  ordinary  vomiting  the  stomach  is  passive; 
and,  on  the  other  hand,  there  are  good  reasons  for  believing  the  contrary. 

It  is  true  that  facts  are  wanting  to  demonstrate  with  certainty  this 
action  of  the  stomach  in  vomiting;  but  some  of  the  cases  of  fistnlous 
opening  into  the. organ  appear  to  support  the  belief  that  it  does  take 
place;  and  the  analogy  of  the  case  of  the  stomach  with  that  of  the  other 
hollow  viscera,  as  the  rectum  and  bladder,  may  be  also  cited  in  confir- 
mation. 

The  muscles  concerned  in  the  act  of  vomiting,  are  chiefly  and  pri- 
marily fhone  of  the  aMomeu:  the  diaphrafjm  also  acts,  but  usually  not  as 
the  muscles  of  the  abdominal  walls  do.  They  contract  and  compress 
the  stomach  more  and  more  toward  the  diaphragm;  and  the  diaphragm 
(which  is  Dsnally  drawn  down  in  the  deep  inspiration  that  precedes  each 
act  of  vomiting)  is  fixed,  and  presents  an  unyielding  surface  against 
vbich  the  stomach  may  bo  pressed.    The  diaphragm  is,  therefore,  as  a 
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rule  passiye^  during  the  actual  expulsion  of  the  contents  of  the  stomach. 
But  there  are  grounds  for  believing  that  sometimes  this  mascle  actiielj 
contracts,  so  that  the  stomach  is,  so  to  speak,  squeezed  between  the  de- 
scending diaphragm  and  the  retracting  abdominal  walls. 

Some  persons  possess  the  power  of  vomiting  at  will,  without  applying 
any  undue  irritation  to  the  stomach,  but  simply  by  a  voluntary  effort 
It  seems  also,  that  this  power  may  be  acquired  by  those  who  do  not  nat- 
urally possess  it,  and  by  continual  practice  may  become  a  habit.  There 
are  cases  also  of  rare  occurrence  in  which  persons  habitually  swalloir 
their  food  hastily,  and  nearly  unmasticated,  and  then,  at  their  leisure  re- 
gurgitate it,  piece  by  piece,  into  their  mouth,  remasticate^  and  again 
swallow  it,  like  members  of  the  ruminant  order  of  Mammalia. 

The  various  nerve-actions  concerned  in  vomiting  are  governed  by  a 
nerve-centre  situated  in  the  medulla  oblongata. 

The  sensory  nerves  are  the  fifth,  glosso-pharyngeal  and  vagus  prin- 
cipally; but,  as  well,  vomiting  may  occur  from  stimulation  of  sensory 
nerves  from  many  organs,  e.g.,  kidney,  testicle,  etc.  The  centre  may 
also  be  stimulated  by  impressions  from  the  cerebrum  and  cerebellum, 
so-called  central  vomiting  occurring  in  disease  of  those  parts.  The 
efferent  impulses  are  carried  by  the  phrenics  and  other  spinal  nerves. 

The  Intestines. 

The  Intestinal  canal  is  divided  into  two  chief  portions,  named  from 
their  differences  in  diameter,  the  small  and  large  intestine  (fig.  217). 
These  are  continuous  with  each  other,  and  communicate  by  means  of 
an  opening  guarded  by  a  valve,  the  ileocwcal  valve,  which  allows  the 
passage  of  the  products  of  digestion  from  the  small  into  the  large  bowel, 
but  not,  under  ordinary  circumstances,  in  the  opposite  direction. 

The  Small  Intestine.— The  Small  Intestine,  the  average  length 
of  which  in  an  adult  is  about  twenty  feet,  has  been  divided,  for  conven- 
ience of  description,  into  three  portions,  viz.,  the  duodenum,  which  ex- 
tends for  eight  or  ten  inches  beyond  the  pylorus;  ih^  jejunum,  which 
forms  two-fifths,  and  the  ileum,  which  forms  three-fifths  of  the  rest  of 
the  canal. 

Structure, — The  small  intestine,  like  the  stomach,  is  constructed  of 
four  principal  coats,  viz.>  the  serous,  muscular,  sub-mucous,  and  mucous. 

(1.)  The  serous  coat  is  formed  by  the  visceral  layer  of  the  perito- 
neum, and  has  the  structure  of  serous  membranes  in  general. 

(2.)  The  muscular  coats  consist  of  an  internal  circular  and  an  ex- 
ternal longitudinal  layer:  the  former  is  usually  considerably  the  thicker. 
Both  alike  consist  of  bundles  of  unstriped  muscle  supported  by  con- 
nective tissue.  They  are  well  provided  with  lymphatic  vessels,  which 
form  a  set  distinct  from  those  of  the  mucous  membrane. 
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Between  the  two  raiiscolar  coats  is  a  nerve  plexus  (Aiierbnch's 
plexus)  (fig.  241),  similur  in  structure  to  Meissner'a  (in  the  submucous 
tissue),  but  with  more  numerous  ganglia. 

(3.)  Between  the  mucous  and  muscular  coats,  is  the  submnrous  coat, 
which  consists  of  connective  tissue,  in  which  numerous  blood-vessels 
and  lymphatics  ramify.  A  fine  plexus,  consisting  mainly  of  non-medul- 
lated  nerve-fibres,  Meifi^ner's  plcruff,  with  ganglion  cells  at  its  nodes, 
occurs  in  the  submucous  tissue  from  the  stomach  to  the  anus. 

(4.)  The  mucouii  membrane  is  the  most  important  coat  in  relation  to 
the  function  of  digestion.  The  following  structures,  which  enter  into 
its  composition,  may  now  be  auccessively  described: — the  valvulm  mnni' 
ventes  /  the  villi  /  and  ih^  glands.    The  general  structure  of  the  mucous 
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Fig.  MS.— HoH^outal  Aectlon  of  a  small  fra^rment  of  the  miioaus  membrano,  incliidJiifc  one 
entire  crypl  of  liebdrktiiiD  and  porta  of  several  others. 

^ff.  m.— Piece  of  SJiiall  InteetiDe  (previously  dikteodisd  acid  bardeQed  by  idcohol),  laid  open  to 
sbow' toe  Donnal  position  of  thn  v&l\rul«o  ocmalventes. 
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membrane  of  the  intestines  resembles  that  of  the  stomach  (p.  338),  and, 
like  it,  is  lined  on  its  inner  surface  by  columnar  epithelium.  Adenoid 
tissue  (fig,  24;^}  enters  largely  into  its  construction;  and  on  its  deep 
surface  is  the  muscnlaris  mucosw  (mnif  fig.  247),  the  fibres  of  which  are 
arranged  in  two  layers:  the  outer  longitudinal  and  the  inner  circular. 

Valvulm  CohniveiiteH, — ^The  valvular  conniventes  (fig.  243)  commence 
in  the  duodenum,  about  one  or  two  inches  beyond  the  pylorus,  and 
becoming  larger  and  more  numerous  immediately  beyond  the  entrance 
of  the  bile  duct,  continue  thickly  arranged  and  well  developed  through- 
out the  jejunum;  then,  gradually  diminishing  in  size  and  number,  they 
cease  near  the  middle  of  the  ileum.  They  are  formed  by  a  doubling 
inward  of  the  mucous  membrane;  the  crescentic,  nearly  circular,  folds 
thus  formed  being  arranged  transversely  to  the  axis  of  the  intestine,  and 
each  individual  fold  seldom  extending  around  more  than  ^  or  j  of  the 
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bowers  circuraferancG.  Unlike  the  rugae  in  the  cesopnagus  and  stom- 
ach, they  do  not  disappear  on  distention  of  the  canaL  Only  an  imper- 
fect notion  of  their  natural  position  and  function  can  be  obtmnfd  bj 
looking  at  them  after  the  intestine  has  been  laid  open  in  the  aaiml 
manner.  To  understand  them  arjglit,apiece  of  gut  should  be  distended 
either  with  air  or  alcohol,  and  not  opened  until  the  tissues  have  become 
hardened.  On  then  making  a  section  it  will  be  seen  that,  instead  of 
disappearing,  they  stand  out  at  right  angles  to  the  general  surface  of  | 
the  mucouB  membrane  (fig.  243).  Their  fimctiona  are  (1)  to  afford  a 
largely  increased  surface  for  secretion  and  absorption*  and  (2)  to  prevent 
the  too  rapid  passage  of  the  very  liquid  products  of  gastric  digestion, 
im?ned lately  after  their  escape  from  the  stomach,  and  (3)  to  assist  in 
the  more  perfect  mingling  of  the  latter  with  the  secretions  poured  out 
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r.  Mi.—TtmnMVKno  section  through  four  crypto  of  Lieberktlhii  from  tbe  laive  inU«tliie  of  th« 
faey  are  Uaed  tiy  coliirxmar  et>ithelial  c«*llB.lri«  mjclMj  imnts  pla<?etl  ia  the  outer  piirr  of  tb* 
The  diTialoos between  tlit*  oelbs  art?  heen  as  lines  radlatinj^  from  i-.  rhe  lumeu  uf  the  t:r>|>t;  o, 
epithelial  c<?ll8»  which  have  become  traufifoniiec!  Into  pobljet  cells,     x  ^i.    (Klein  and  Nobte  timith,) 
Fig.  '^45.— A  gland  of  Ueberktlhii  in  lopj^itudinat  swetion.    4l3riciil4>n.> 

to  act  on  them,  by  their  projection,  and  conseqnent  interference  with 
an  uniform  and  nntronbled  current  of  the  intestinal  contents. 

frhnid.s, — ^The  glands  are  of  three  principal  kinds: — viz.,  those  of  (1) 
Lieberkiihn,  (2)  Brnnner,  and  (B)  Peyer, 

(1.)  ^h^  ff Ian fh  or  eri/ pis  of  Lidwrkuhn  nre  simple  tnbnlar  depres- 
sions of  the  intestinal  mncous  membrane,  thickly  distributed  over  the 
whole  surface  both  of  the  large  and  small  intestines.  In  the  small  in- 
testine they  are  visible  only  with  the  aid  of  a  lens;  and  their  orifi<^ 
appear  as  minute  dots  scattered  between  the  villi.  They  are  larger  in 
the  large  intestine,  and  increase  in  size  the  nearer  they  approach  the 
anal  end  of  the  intestinal  tube;  and  in  the  rectum  their  orifices  may  be 
visible  to  the  naked  eye.  In  length  they  vary  from  Yhf  ^^  uV  ^^  ^^ 
inch.  Each  tubule  (fig.  245)  is  constructed  of  the  same  essential  part  as 
the  intestinal  mucous  membrane,  viz.,  of  a  fine  immbrana  propruty  or 
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Bement  membrane,  a  layer  of  cokiinnar  epithelium  lining  it,  many  of 
^hich  are  goblet  cells,  and  capillary  blood-veBsels  covering  its  exterior, 
the  free  surface  of  the  columnar  cells  presenting  a  striated  appearance. 

(2.) — Brtinneyji  (/hinds  (fig*  247)  are  confined  to  the  duodenum;  they 
are  most  abundant  and  tliickly  set  at  its  commencement,  diminish  grad- 
ually as  the  duodenum  advances.  They  are  situated  beneath  the  mus- 
cularis  mucosa,  iui bedded  in  the  submucous  tissue;  each  gland  is  a 
branched  and  convoluted  tube,  lined  with  columnar  epithelium*  A 
before  said,  in  structure  they  are  very  similar  to  the  pyloric  glands  of 
the  stomach*  and  their  epithelium  undergoes  a  similar  change  during 
iecretion;  but  they  are  more  branched  and  convoluted  and  their  ducts 


FIk.  dtfl— TrftoirerM  seotJoD  of  injeetad  Peyer's  fclands  (trom  K^Ulker).    Tbe  dmwlsg  was 
tan  from  n  prepanlion  made  br  Ftej:  It  represents  the  fine  cupilary-tonped  network  sprendlDf? 
1  the  surroiitidixig  blood-TeeselB  into  the  Interior  of  three  of  Pey«T*a  capebJM  from  the  Intesline 
of  the  rabbit. 


are  longer.  (Watney.)  The  duct  of  each  gland  passes  through  the 
muaiiularia  mucosie,  and  opens  on  the  surface  of  the  mucous  membrane. 
(3.)  The  glands  of  Pejjer  occur  chiefly  but  not  exclusively  in  the 
»maU  intestine.  They  are  found  in  greatest  abundance  in  the  lower 
part  of  the  ileum  near  to  the  ileo-caecal  valve.  They  are  met  with  in 
two  conditions,  viz.,  either  scattered  singly,  in  which  ctise  they  are 
termed  f/landalm  solUariw,  or  aggregated  in  groups  varying  from  one  to 
three  inches  in  length,  and  about  half-an-mch  in  width,  chiefly  of  an 
oval  form,  their  long  axis  parallel  with  that  of  the  intestine.  In  this 
state,  they  are  named  gland ulm  agminatw^  the  groups  being  commonly 
cnlled  Peger's  pafche^i  (fig.  248),  and  almost  always  placed  opposite  the 
attachment  of  the  mesentery.     In  structure,  and  in  function,  there  is 
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no  essential  difference  between  the  solitary  glands  and  the  indindaal 
bodies  of  which  ciieh  group  or  pat«h  is  made  up*  They  are  reall}*  single 
or  aggregated  masses  of  adenoid  tissue  forming  lymph- follicles.  In  th^ 
condition  in  which  they  have  been  njost  commonly  examined,  each 
ghmd  appears  as  a  circular  opaque* white  rounded  body,  from  ^^  to  ^ 
inch  (1  to  2  mm,)  in  diameter,  according  to  the  degree  in  which  it  ii 
deyeloped.     They  are  principally  contained  in  the  submueoos  coat,  but 

Bometimos  project  through  the  muscnhrit 
niuvos(p  into  the  nuicous  membrane.  In 
the  agminate  glands,  each  follicle  reache* 
the  free  surf  ace  of  the  intestine,  and  ig 
covered  with  columnar  epithelium,  Eacli 
gland  is  surrounded  by  the  openings  of 
Lieberkuhn*s  follicles. 

The  adjacent  glands  of  a  Peyere  patob 
are  connected  together  by  areolar  tigsue. 
Sometimes  the  lymphoid  tissue  reaches  the 
free  surface,  replacing  the  epithelium,  as  i^ 
also  the  case  with  some  of  the  lymphoid 
follicles  of  the  tonsil. 

Peyers  glands  are  surroanded  by  13'iD* 
phatic  sinuses  which  do  not  penetrate  into 
their  interior;  the  interior  is,  however, 
traversed  by  a  very  rich  blood  capillary 
plexus.  If  the  vermiform  appendix  of  a 
rabbit,  which  consists  largely  of  Peyere 
glands,  be  injected  with  blue  by  pressing 
the  point  of  a  fine  syringe  into  one  of  the 
lymphatic  sinuses,  the  Peyers  glands  will 
apjjear  as  grayish  white  spaces  surrounded 
by  blue;  if  now  the  arteries  of  the  same  be 
injected  with  red^  the  grayish  patches  will 
change  to  red,  thus  proving  that  they  are 
surrounded  by  lymphatic  spaces  but  pene- 
trated by  blood-vessels.  The  lacteala  passing  out  of  the  villi  communi- 
cate with  the  lymph  sinuses  round  Peyer's  glands.  It  is  to  be  noted 
that  Peyer's  patches  are  largest  and  most  prominent  in  children  and 
young  persons. 

VillL—ThQ  Villi  (figs.  247,  249,  and  250),  are  confined  exclusively  to 
the  mucous  membrane  of  the  small  intestine.  They  are  minute  vascu* 
lar  processes,  from  a  line  /g  to  i  of  an  inch  (.5  to  3  mm,)  in  length, 
covering  the  surface  of  the  mucous  membrane,  and  giving  it  a  peculiar 
velvety,  fleecy  appearance.  Krause  estimates  them  at  fifty  to  ninety 
in  number  in  u  square  line  at  the  upper  part  of  the  small  intestine,  and 


^f^} 


Ftp,  !M7.— Vertfcal  Beet  ion  of  tin- 
odemim,  showing  n,  vi]!!;  h,  cryj>ts 
of  LicberkOlm,  and  c»  Brtiimer'H 
fflands  ID  Uie  submuooflfi  «,  with 
ducts,  d  ;  muacularii  mucoeo^,  m ; 
and  ciinilar  muscular  coat  f. 
(SehofleldJ 
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"«t  forty  to  Beventy  in  the  sjimo  urou  at  the  lower  part.     They  vary  in 

Ilorm  even  in  the  ainjo  animal,  and  tliffer  according  as  the  lym phut ic 
^cssels  or  lacimh  which  they  contain  are  empty  or  fnll;  being  ueuully, 
In  the  former  mise,  flat  and  pointed  ut  their  summits,  in  the  Utter  cylin- 
Urical  or  elavate. 
Each  villus  consists  of  a  small  projection  of  raucous  membrane;  its 
interior  is  supported  throughout  by  fine  adenoid  tissae,  which  forms 
phe  fnimework  or  stroma  in  which  the  other  constituents  ure  contained. 
The  surface  of  the  villus  is  clothed  by  cohimnar  epithelium,  which 
Tests  on  a  fine  basement  membrane;  while  witliin  this  are  found,  reck- 
oning from  without  inward,  blood-vessels,  fibres  of  the  mumuhtriH  mn- 
o»(f,  and  a  single  lymphatic  or  lacteal  vessel  rarely  looped  or  branched 
(fig.  250). 

The  epithelium  is  continuous  with  that  lining  the  other  parts  of  the 


f%.  tIS.— Ajnnlnate  foUidea,  or  Feyer's  pAtdit  in  the  state  of  distention,    y  5.    rBoehixiO 


ucouB  membrane.  The  cells  are  arranged  with  their  long  axis  radiat- 
ing from  the  surfncc  of  the  villus  (fig.  247),  and  their  smaller  bends 
resting  on  the  basement  membrane,  Tlio  free  surface  of  the  epithelial 
cells  of  the  villi,  like  that  of  the  cells  which  cover  the  general  surface 
of  the  mucous  membrane,  is  covered  by  a  fine  border  which  exhibits  very 
delicato  striiitions  whence  it  derives  its  mime ^  strutted  ba.sUar  Imrdvr. 

Beneitth  the  basement  or  limitir^g  membrane  there  is  a  rich  supply  of 
^ood'Vessels.  Two  or  more  minute  arteries  are  distributed  within  each 
villus;  and  from  their  capillaries,  which  form  a  dense  network,  proceed 
one  or  two  small  veins,  wliicli  pass  out  iit  the  base  of  the  villus. 

The  layer  of  the  mnsatlaris  mucosm  in  the  villus  forms  a  kind  of 
thin  hoHow  cone  immediately  around  the  central  lacteal,  and  is,  there- 
fore, situated  beneath  the  blood-vessels.  It  is  witliout  doubt  instru- 
mental in  the  propulsion  of  chyle  along  the  lacteal. 

The  lacteal  vessel  in  each  villus  is  the  form  of  commencement  of  the 
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lymphatic  system  of  vessels*  in  the  intestines.  It  begins  almost  at  the 
tip  of  the  villus  coramonly  by  a  dilated  extremity.  Jn  the  Urger  viJli 
there  may  be  two  small  lacteiil  vessels  which  join  on  (fig.  250),  or  the 
laeteids  may  form  a  kind  of  network  in  the  villus.  The  last  method 
is  mrely  or  never  seen  in  the  human  subject,  although  com.inon  in  ftome 
of  the  lower  animals  (a,  fig.  250). 

The  Large  Intestine.— The  Large  Intestine,  which  in  an  adult 
is  from  about  4  to  G  feet  long,  is  subdivided  for  descriptive  purposes 
into  three  portions,  viz.  i — the  t'weitm,  a  short  wide  pouch,  commuci* 
eating  with  the  lower  end  of  the  small  intestine  through  an  opening, 
guarded  by  the  ileo-cmcal  valve;  the  coloih  eontiuuous  with  the  cfficain, 
which  forms  the  principal  part  of  the  large  intestine,  and  is  divided 
into  ascending,  transverse^  and  descending  portions;  and  the  nttim^ 
which,  after  dilating  at  its  lower  part,  again  contracts,  and  immedi- 


Fijf.  24ft.— Vertical  ftectioo  of  n  villus  of  tbe  sm&U  Intestine  of  a  cat.  ck  striat-ed  basiUr  border 
of  the  epiLheliuQi;  b,  coluinnap  epltlu^liiiro;  c,^bU.'t  cells;  d^  eeotral  lympli-Tessel:  e,  amoocli  mus- 
cuter  abrt»;  /,  iwletioid  stronui  of  the  vJllus  in  which  lymph  €H>rpU9eiea  lie.    (IQein.) 

ately  afterward  opens  externally  through  the  anus.     Attached  to  the 
caecum  is  the  Bin  all  appenfiix  vermiformis, 

tSirttci lire,— Like  the  small  intestine,  the  large  intestine  is  con- 
Btructed  of  four  principal  coats,  viz.,  the  serous,  musenlar,  sub-mucous 
and  mucous.  The  serGUJii  coat  need  not  be  here  particularly  described. 
Connected  with  it  are  the  small  processes  of  peritoneum  containing 
fat,  called  appendices  epiploic^.  The  fibres  of  the  muscular  coat,  like  those 
of  the  small  intestine,  are  arranged  in  two  lay  era — the  outer  longitudinal, 
the  inner  circular.  In  the  ca?cumand  colon,  the  longitudinal  fibres,  be- 
sides being,  as  in  the  small  intestine,  thinly  disposed  in  all  parts  of  the  wall 
of  the  bowel,  are  collected,  for  the  most  part,  into  three  Btrong  bands, 
which,  being  shorter,  from  end  to  end,  than  the  other  coats  of  the  in- 
testine, hold  the  canal  in  folds,  bounding  intermediate  saccnlL  On  the 
division  of  these  bands,  the  intestine  can  be  drawn  out  to  its  full  length. 


For  an  account  of  tlie  Lympliatic  System,  see  Chapter  IX. 
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and  it  then  assumes,  of  course,  an  uniformly  cylindrical  form.  In  the 
rectum,  the  fasciculi  of  these  longitudinal  bands  spread  out  and  mingle 
with  the  other  longitudinal  fibres,  forming  with  them  a  thicker  layer  of 
fibres  than  exists  on  any  other  part  of  the  intestinal  canal  The  circu- 
lar muscular  fibres  are  spread  over  the  whole  surface  of  the  bowel,  but 
are  somewhat  more  marked  in  the  intervals  between  the  sacculL 
Toward  the  lower  end  of  the  rectum  thoy  become  more  numerous,  and 
at  the  anus  they  form  a  strong  baud  called  the  internal  sphincter  muscle. 
The  mu€OU»  membrane  of  the  large,  like  that  of  the  small  intestine. 


I 


Wig.fSdw^A^  ViUua  of  theep.    B.  ViUiofman,    (Stt^hlty  altered  from  Teldunaoo.) 

is  lined  throughout  by  columnar  epithelium,  but,  unlike  it,  is  quite  des- 
titnte  of  villi,  and  is  not  projected  in  the  lorm  of  mi viflw  conn iventes. 
Its  general  microscopic  structure  resembles  that  of  the  small  intestine- 
and  it  is  bounded  below  by  the   muscular  is  mucoti(r. 

The  general  arrangement  of  ganglia  and  nerve-fibres  in  the  large 
intestine  resembles  that  m  the  small. 

OIands,—The  glands  with  which  the  large  intestine  is  provided  are 
of  two  kinds,  (1)  the  tubnlar  and  {%)  the  bjmphuiiL 

(L)  The  tubular  glands,  or  glands  of  Lieberkfihn,  resemble  those 
of  the  small  intestine,  but  are  somewhat  larger  and  more  numerous, 
Thev  are  also  more  uniformlv  distributed. 
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(2.)  Follicles  of  adenoid  or  lymphoid  tissue  are  most  nnmerons  in 
the  caBcum  and  vermiform  appendix.  They  resemble  in  shape  and 
structure,  almost  exactly,  the  solitary  glands  of  the  small  intestine. 
Peyer's  patches  are  not  found  in  the  large  intestine. 

lleo-ccBcal  Valve. — The  ileo-C8Bcal  valve  is  situate  at  the  place  of 
junction  of  the  small  with  the  large  intestine,  and  guards  against  any 
reflux  of  the  contents  of  the  latter  into  the  ileum.  It  is  composed  of 
two  semilunar  folds  of  mucous  membrane.  Each  fold  is  formed  by  a 
doubling  inward  of  the  mucous  membrane,  and  is  strengthened  on  the 
outside  by  some  of  the  circular  muscular  fibres  of  the  intestine,  which 
are  contained  between  the  outer  surfaces  of  the  two  layers  of  which  each 
fold  is  composed.  While  the  circular  muscular  fibres,  however,  of  the 
bowel  at  the  junction  of  the  ileum  with  the  caecum  are  contained  be- 
tween the  outer  opposed  surfaces  of  the  folds  of  mucous  membrane 
which  form  the  valve,  the  longitudinal  muscular  fibres  and  the  peri- 
toneum of  the  small  and  large  intestine  respectively  are  continuons 
with  each  other,  without  dipping  in  to  follow  the  circular  fibres  and  the 
mucous  membrane.  In  this  manner,  therefore,  the  folding  inward  of 
these  two  last-named  structures  is  preserved,  while  on  the  other  hand, 
by  dividing  the  longitudinal  muscular  fibres  and  the  peritoneum,  the 
valve  can  be  made  to  disappear,  just  as  the  constrictions  between  the 
sacculi  of  the  large  intestine  can  be  made  to  disappear  by  performing  a 
similar  operation.  The  inner  surface  of  the  folds  is  smooth;  the 
mucous  membrane  of  the  ileum  being  continuous  with  that  of  the  caecum. 
That  surface  of  each  fold  which  looks  toward  the  small  intestine  is 
covered  with  villi,  while  that  which  looks  to  the  caecum  has  none. 
When  the  caecum  is  distended,  the  margin  of  the  folds  are  stretched, 
and  thus  are  brought  into  firm  apposition  one  with  the  other. 

Digestion  in  the  Intestines. 

After  the  food  has  been  duly  acted  upon  by  the  gastric  juice,  such  of 
it  as  has  not  been  absorbed  passes  into  the  duodenum,  and  is  there 
subjected  to  the  action  of  the  secretions  of  the  pancreas  and  liver  which 
enter  that  portion  of  the  small  intestine,  as  well  as  to  the  secretion 
(succus  entericus)  which  is  poured  out  into  the  intestines  from  the  glands 
lining  them. 

The  Pancreas,  and  its  Secretion. 

The  Pancreas  is  situated  within  the  curve  formed  by  the  duo- 
denum; and  its  main  duct  opens  into  that  part  of  the  small  intestine, 
through  a  small  opening,  or  through  a  duct  common  to  it  and  to  the 
liver,  about  two  and  a  half  inches  from  the  pylorus. 

Structure, — In  structure  the  pancreas  bears  some  resemblance  to  the 
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Balirarj  glands.  Its  capsule  and  septa,  aa  woll  as  the  blood-Tessels  and 
lymphiitics,  are  similarly  distributed.  It  is,  however,  looser  and  softer, 
the  lobe^  and  lobules  being  less  compactly  arranged.  The  mjtin  duct 
divides  into  branches  (lobar  ducts),  one  for  each  lobe,  and  these  branches 
subdivide  into  intra-lobular  ducts,  and  these  again  by  their  division 
and  branching  form  the  gland  tissue  proper.  The  intralobar  ducts 
correapond  to  a  lobule,  while  between  them  and  the  accreting  tubes  or 
aii*eoli  are  longer  or  shorter  interinediary  ducts.  The  larger  ducta 
possess  a  very  distinct  lumen  and  a  membrana  propria  lined  with 
colamnar  epithelium,  the  cells  of  which  ure  longitudinally  striated,  hut 
are  shorter  than  those  found  in  the  ducts  of  the  salivary  glands.  In  the 
intralobular  duets  the  epithelium  is  short  and  the  lumen  is  smaller. 
The  intonnediary  ducts  opening  into  the  alveoli  poaseas  a  distinct  lumen, 


ftK  fK1.-^B«etfaD  of  the  pancreas  of  a  dog  dining  difrestion.  «,  nlveoll  Hoed  with  c«Jts,  th*? 
—  Bone  of  which  la  wall  sUiDed  with  h^pmiitoxyllD ;  cf,  (ni^nue^iJAry  duct  Uned  wiUj  squomoud 
.u —      ^3Q(j     (Klein  and  Kobte  Smith,; 


with  a  membnma  propria  lined  with  a  single  layer  of  flattened  elongjited 
cells-  The  alveoli  are  branched  and  convoluted  tubes,  with  a  membnma 
propria  lined  with  a  single  layer  of  columnar  cells.  They  have  no 
distinct  lumen*  the  centre  portion  of  the  tube  being  occupied  by  fusi- 
:  form  or  branched  cells.  Heidenhain  has  observed  that  the  alveolar 
Koella  in  the  pancreas  of  a  fasting  dog  consist  of  two  zones,  an  inner  or 
centnil  zone  which  is  finely  granular,  and  which  stains  feebly,  and  a 
smaller  parietal  zone  of  finely  striated  protoplasm  which  stains  easily. 
The  nucleus  is  partly  in  one,  partly  in  the  other  zone.  During  digestion, 
it  is  found  that  the  outer  zone  iuerciases  in  size,  and  the  central  zone 
diminishes;  the  cell  itself  becoming  smaller  from  the  discharge  of  the 
secretion.  At  the  end  of  digestion  the  first  condition  again  appears,  the 
inner  zone  enlarging  at  the  expense  of  the  outer.  It  appears  that  the 
granules  are  formed  by  and  stored  up  in  the  protoplasm  of  the  cells,  from 
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the  material  supplied  to  it  by  the  blood.  The  granules  are  thought  te 
consist  of  msiteriiil  from  which,  under  certain  conditiong,  the  fermeiiti 
of  the  gland  are  developed,  and  which  is  therefore  called  Zifmngfn.  h 
iiddition  to  the  ordinary  alveoli  of  the  pancreas  there  are  found  diatn- 
buted  irregularly  in  the  gland  other  collections  of  cells  of  a  dif erect 
clmnicter.  They  are  considentbly  smaller,  their  protoplasm  is  more 
granular,  and  ia  leas  easily  stained  with  hsematoxylin,  and  their  nuclei 
are  small  Jind  deeply  staining,  being  situated  also  more  toward  the 
centre  of  the  cells.  The  collections  of  cells  vary  in  size  and  shape,  and 
Bometimea  seem  to  be  mere  masses  of  protoplasm  with  nuclei  undiffereo- 
tiated  into  cells.  These  nests  of  cells  are  sometimes  seen  to  constfit  o! 
distinct  columns  of  cells.  No  distinct  basement  membnine,  howeteT, 
can  be  made  out  as  hounding  these  columns.  The  special  form  of  nerve 
terminations,  called  Pacinian  corptiscles,  are  often  found  in  the  pancreac 


^t--^fe. 
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Fiff .  2S9w— Sectton  of  the  panoreaa  of  &imad£LIOt  showing  tbe  two  Idods  of  ^land-fl£n]ctur&    (T.  tx 

HarrlsO 


The  Pancreatic  Juice. — The  secretion  of  the  pancreas  has  been 
obtained  fur  purposes  of  experiment  from  the  low^er  animals,  especially 
the  dog,  by  opening  the  abdomen  and  exposing  the  duct  of  the  gland, 
which  is  then  made  to  communie^ite  with  the  exterior,  A  pancreatic 
fistula  is  thus  established. 

An  extract  of  pancreas  made  from  the  gland  which  has  been  removed 
from  an  animal  killed  during  digestion  possesses  the  active  properties  of  . 
pancreatic  secretion.     It  is  made  by  first  dehydrating  the  gland,  cut  op 
into  small  pieces,  by  keeping  it  for  some  days  in  absolute  alcohol,  andl 
then,  after  the  entire  removal  of  the  alcohol,  by  pounding  up   thesil 
pieces  into  a  pulpy  mass  and  placing  it  in  strong  glycerin,     A  glyeeriM 
extract  is  thus  obtained.     It  is  a  remarkable  fact,  however,  that  the! 
amount  of  the  ferment  h^t/jmu  greatly  increases  if  the  gland  be  exposed 
to  the  air  for  twenty-four  hours  before  placing  in  alcohol ;   indeed,  a 
glycerin  extract  made  from  the  gland  immediately  upon  the  removiij 
from  the  body  often  appears  to  contain  none  of  the  ferments.     This  _ 
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ems  to  indicate  that  the  conversion  of  zymogen  in  the  gland  into  the 
ferment  only  takes  place  during  the  act  of  secretion,  and  that  although 
the  gland  always  contains  in  its  cells  the  materials  (trypsinogen)  out 
of  which  trypsin  is  formed,  yet  the  conversion  of  the  one  into  the 
other  only  takes  place  by  degrees.  Dilute  acid  appears  to  asaiat  and 
accelerate  the  conversion,  and  if  a  recent  pancreas  be  rubbed  up  with 
dilute  acid  before  dehydration,  a  glycerin  extract  made  afterw^ard,  even 
though  the  gland  may  have  been  only  recently  removed  from  the  body, 
ia  very  active. 

Many  other  vehicles  may  be  employed  instead  of  glycerin,  eg,,  brine, 
chloroform,  water,  dilute  methylated  spirit  acidulated  with  acetic  acid, 

Propertws. — Pancreatic  juice  is  colorless,  transparent,  and  slightly 
Tiscid,  alkaline  in  reaction.  It  varies  in  specific  gravity  from  1010  to 
1015,  according  as  it  is  obtained  from  a  permanent  fistula — then  more 
watery — or  from  a  newly-opened  duct  The  solids  vary  in  a  temporary 
fistula  from  80  to  100  parts  per  thousand^  and  in  a  permanent  one  from 
16  to  50  per  thousand. 


Chemical  Composhion  of  the  Pancreatic  Juics. 
From  a  permanent  fistula,     (Bernstein. ) 

Water         . 

Solids— Ferment*  (including  tiTpein.  araylopsin,  rennet. 
and  ateapsin)  : 
Proteids,  including  Serum  Albumin  and  J 

Caeein    .         .         .         ♦         .         .         .    |-       17 
Leucin  and  Tyrtvsjn  ;  Fats  and  Soai«  .       \ 
Inorganic    residue,    especially    Sodium  \        8 


Carbonate 


975 


2.1 

KKX) 


Fiinciiom, — (1.)  By  the  aid  of  its  proteolytic  ferment^  trjipsln,  it 
converts  profeids  into  pept(^ues,  the  intermediate  products  being  almost 
the  same  as  in  the  case  of  gaBtric  digestion,  with  the  exception  that  the 
initial  change  does  not  produce  s}Titonin  or  acid-albumin  as  in  gastric 
digestion,  but  alkali-albumin.  Of  the  final  products,  hemi-  and  anti- 
peptone,  the  hemipoptone  ia  capable  of  being  converted  by  (?)  the 
action  of  the  pancreatic  ferment  into  knvin  or  amido-caproic  acid 
(CftHisNOs)  wnd.  ty rosin'"  OT  amido-oxyphenyl-propionic  acid  (CsHuNOa), 
but  is  not  so  charged  by  pepsin:  the  antipeptone  cannot  be  further  split 
up  by  the  pancreatic  jaice.  The  products  of  pancreatic  digestion  are 
sometimes  fnrther  complicated  by  the  appearance  in  a  pancreatic  diges- 
tive fluid,  of  certain  faecal  substances  of  which  indol  (OaHaN),  skaiol 
{C^R^^},  phenol  {C^Ua^)  und  naplhU(iminf*aTQ  the  most  important. 


*  Propionic    acid,    CiHtOa ;    in  which  one   H    is   replaced  by  the   radicle 

oxjphenyl.  CiH^OH.  and  a  second  H,  by  amidogen  NHa,     Thus  CiH*  (NHt) 
Cik^OH.'o,  ^  CHuNOi. 
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These  further  products  are  produced  by  the  presence  of  numerom  I 
mkro-organistm  of  the  inteatinea.  I 

All  the  albuminous  or  proteid  substances  which  have  not  been  cov 
verted  into  peptone  and  absorbed  in  the  stomach,  and  the  partt&ll^ 
changed  substaoces,  i.e.,  the  proteoses  may  be  converted  into  pepione 
by  the  pancreatic  juices  and  then  in  part  into  leucin  and  tyrosin. 

The  action  of  the  pancreatic  juice  upon  the  gelatins^  or  nitrogenous 
bodies  other  than  proteids,  is  not  so  distinct.  Mucin  can,  however,  be 
dissolved,  but  not  kenttin  in  horny  tissues*  Gelatin  itself  is  formed  into 
peptone  {f/elaiut-pejjlom).  The  ferment  trypsin  acts  best  in  an  alka^ 
line  medium,  and  is  by  far  the  most  active  of  the  pancreatic  fermentL 
It  is  more  powerful  than  pepsin  in  its  action  both  on  proteida  and 
gelatins. 

(3.)  Starch  is  cofiverled  info  maltom  and  then  into  glucose  in  an 
exactly  similar  manner  to  that  which  happens  with  the  saliva;  erythro* 
and  achroo-dextrine  being  intermediate  products.  If  the  sugar  which  ij 
at  first  formed  is  maltose,  the  ferment  of  the  pancreiitic  juice  after  a 
time  completes  the  whole  change  of  starch  into  glucose.  This  distinct 
amylolytic  ferment  in  the  pancreatic  juice  which  cannot  be  distinguished 
from  ptyaline,  m  called  Am  ff  J  opsin, 

(3,)  Pancreatic  juice  poasesees  ike  proper fy  of  curdling  milk^  con- 
taining a  special  {rennet)  ferment  for  that  purpose.  The  ferment  ie 
distinct  from  trypsin,  and  will  act  in  the  presence  of  an  acid  (W, 
Roberts).  It  is  best  extracted  by  brine.  The  milk-curdling  ferment  of 
the  pancreas  is,  in  some  pancreatic  extracts,  extremely  powerful,  inso- 
much that  1  cc,  of  a  brine  extract  will  coagulate  50  cc.  of  milk  in  a 
minute  or  two. 

(4.)  Oils  and  fats  are  emnlsiUed  and  saponified  by  pancreatic  secre- 
tion. The  terms  emnhificafimi  and  saponijicafiori  may  need  a  little  ei- 
planation.  The  former  is  used  to  signify  an  important  mechanical 
change  in  oils  or  fats,  whereby  they  are  made  into  an  emulsion,  or  in 
other  words  are  minutely  subdivided  into  small  particles.  If  a  small 
drop  of  an  emulsion  be  looked  at  under  the  microscope  it  will  be  seen 
to  be  made  up  of  an  immense  number  of  minute  rounded  particles  of 
oil  or  fat,  of  varying  sizes.  The  more  complete  the  emulsion  the  smaller 
are  these  particles.  An  emulsion  is  formed  at  once  if  oil  or  fat,  which 
nearly  always  is  slightly  acid  from  the  presence  of  free  fatty  acid,  is 
mixed  with  an  alkaline  solution.  Saponification  signifies  a  distinct 
chemical  change  in  the  composition  of  oils  and  fats.  An  oil  or  a  fat  be- 
ing made  up  chemically  of  fjii/cerin,  a  triatomic  alcohol,  and  one  or  more 
fatty  acid  radicles,  when  an  alkali  is  added  to  it,  and  heat  is  applied, 
two  changes  take  place:  firstly,  the  oil  or  fat  is  split  up  into  glycerin, 
and  its  corresponding  fatty  acid;  secondly,  the  fatly  acid  combines  with 
the  alkali,  to  form  a  soap  which  is  chemically  known  as  steariite,  oleat^^ 
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Hbr  palmitate  of  potassium  or  sodium.  Thus  saponittcation  means  a 
Hehemical  splitting  up  of  oils  or  futs  into  new  compouTuls,  and  aniulsiii- 
^Bcation  means  merely  a  meelianical  splitting  of  them  up  into  minute  par- 
Hiioleft.  The  pancreatic  juice  has  been  for  many  years  credited  with  the 
^Bpoesetssion  of  a  special  ferment,  which  was  called  by  CUude  Bernard 
^^ie/tpsi'n,  and  which  was  supposed  to  aid  in  one  or  both  of  these  pro- 
^keases.  It  appears  very  doubtful,  however,  if  the  mechanical  splitting 
^kp  of  fats  by  the  alkuline  pancreatic  juice  is  a  ferment  action  at  alb 
^EnQd  as  regards  the  chemical  action  it  has  been  recently  shown  thfit  only 
"the  pancreatic  juices  of  certain  animals  have  any  power  in  this  direction 
of  a  ferment  character,  and  that  even  in  these  ciises  the  ferment  is  only 
present  in  the  fresh  juice  or  gland,  and  that  the  presence  of  alcohol  or 
L  other  hardening  agent  for  the  latter  entirely  destroys  its  action, 

^K  Several  cases  have  been  ^et^o^ded  in  wliich  the  pancreatic  duct  being  ob- 
^Bvtroctedf  so  that  it8  Hecretion  could  not  l^e  diKchari^ed,  fatty  or  oily  matter  was 
^abundantly  discharged  frtmi  the  intestineB.  In  nearly  all  these  cases,  indeed, 
the  liver  was  coinci  den  tally  diseased,  and  the  change  or  absence  of  the  bile 
XDi^ht  appear  to  contribnte  to  the  residt;  yet  the  frecjueriry  of  extpnnive  die- 
eaae  of  the  liver,  unaccomimuiiHl  by  fatty  ili6cliarge«  from  the  intestines,  favors 
the  view  that,  in  these  cases,  it  is  to  the  absence  of   the  panci-eatic   fluid  from 

I  the  intestines,  that  the  excretion  or  n  on -absorption  of  fatty  matter  ehould  be 
ascribed. 
Conditions  favorabh  to  the  Artion. — These  are  almost  precisely  sim- 
ilar to  those  which  have  been  mentioned  as  favorable  to  the  action  of 
the  saliva,  and  the  reTerse*  The  secretion  of  the  pancreatic  juice  ap- 
pears to  be,  at  any  rate  in  some  animals,  ejj.*  the  rabbit  and  dog,  almost 
eontinuons;  the  flow,  however,  is  nut  uniform,  the  amount  increases 
immediately  after  taking  food,  and  the  maximum  amount  occurs  two  or 
four  hours  after,  bnt  oguin  between  the  fifth  and  sixth  hour  increases 
somewhat.  The  nervous  mechanism  of  pancreatic  secretion  is  not  at 
present  understood, and  the  endings  of  its  nerve-fibres  from  the  splanch- 
nics  and  right  vagus  nen^es  in  all  probability,  through  the  solar  plexus, 
have  not  been  demonHtnitetl  in  the  gland  cells.  Increased  flow  of  secre- 
tion will  occur  on  stimulation  of  the  spinal  cord  or  bnlb,  or  of  the  gland 
itself,  even  after  division  of  the  vagus.  Stimulation  of  the  central  end 
of  the  divided  vagus  will  inhibit  the  secretion,  and  a  similar  effect  is 
produced  on  stimulation  of  other  afferent  nerves.  It  seems  highly  prob- 
able, therefore,  that  there  is  a  central  mechanism  for  the  regulation  of 
the  secretion  of  the  pancreas  similar  to  that  which  exists  for  tlie  sali- 
vary glands,  but  the  nerves  which  pass  to  and  from  the  centre  and  the 
position  of  the  centre  itself,  have  not  yet  been  demonstrated.  The 
gland  will  continue  to  secrete  after  the  section  of  all  of  its  nerves,  and 
iu  this  respect  is  said  to  differ  from  the  salivary  glands.  The  secretion 
appears  to  be  called  forth  on  the  introduction  of  food  into  the  stomaob. 


I 


340 


HANDBOOK    OF    PHYSIOLOGY. 


when  the  blood-vessels  of  the  giarid  become  much  dilated,  and  the  m- 
cretion  continues^  as  we  hiivc  seen,  for  raiiny  hours  after  a  meal;  indeod, 
may  he  continuous.  The  pressure  of  the  secretion  is  not  so  great  &siq 
the  case  of  the  salivary  glands;  the  maximum  pressure  in  the  duotia 
said  not  to  exceed  17  mm.  of  mercury. 

The  amount  of  secretion  per  diem  is  approximately  estimated  to  be 
200  grms. 

The  Liver, 

The  Liver,  the  largest  gland  in  the  body>  situated  in  the  abdomen 
on  the  right  side  chiefly,  is  an  extremely  vascular  organ,  and  receives 
its  supply  of  blood  from  two  distinct  sources,  viz.,  from  the  portal  vfin 
and  from  the  hepatic  artery ^  while  the  blood  is  returned  from  it  into  the 


Fig,  SSS3.— Tbe  under  surface  of  the  liver,  o.  b.,  jyall-blmlcfer;  n.  d.,  common  l>lle-dtict;  B.  a  .  beiv 
atic  artery:  v.  p ,  portal  velu;  i-  q  ,  Jobuliis  quaiirattis;  i..  a.,  lobulim  spiireLii;  L.  c  lobtllus  caadi- 
tus;  D,  v.,  ductus  veDo*iitis;  u.  v.»  umbUicai  reio.    CNtible  Smltb.) 

vena  cava  inferior  by  the  hepatic  veins.  Its  secretion,  the  bite,  is  con* 
veyed  from  it  by  the  hepalie  duct,  either  directly  into  the  intestine,  or, 
when  digestion  is  not  going  on,  into  the  eifstiv  duct,  and  thence  into 
the  gall-bladder,  where  it  accumulates  until  required.  The  portal  vein, 
hepatic  artery,  and  hepatic  duct  branch  together  throughout  the  liver, 
while  the  hepatic  veins  and  their  tributaries  ruii  by  themselves. 

On  the  outsiLle,  the  liver  has  an  iTicomplete  covering  of  peritoneum, 
and  beneath  this  is  a  very  fine  coat  of  areolar  tissue,  continuous  over 
the  whole  surface  of  the  organ.  It  is  thickcet  where  the  peritoneum  is 
absent,  and  is  continuous  on  the  gener:i)  surfjice  of  the  liver  with  the 
fine  and,  in  the  human  subject,  almost  imperceptible  areolar  tissue  in- 
resting  the  lobules.  At  the  transverse  fissure  it  is  merged  in  the  areolar 
investment  called  Glieson's  capsule,  which,  surrounding  the  portal  vein, 
hepatic  artery,  and  hepatic  duct,  as  they  enter  at  this  part,  accompanies 
them  in  their  branches  through  the  substance  of  the  liver. 
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Strnciure. — The  liver  is  iriiide  up  of  small  roundish  or  oval  portions 

[called  iobuhif,  each  of  which  it*  about  ^^  of  an  inch  (about  1   mm.)  in 

diameter,  and  composed  of  tlie  minute  branches  of  the  portal  vein,  he- 

i  patic  artery,  hepatic  duct,  and  hepatic  vein ;  while  the  interstices  of  these 


ftg,  8M.-^A*  LlTercetla.    B.  IMtto,  coDiairjiDf^  vanotia-Bised  fiartlcles  of  fat 

[are  filled  by  the  liver  cells.  The  hepatic  cells  (fig.  254),  which 
^form  the  glandular  or  eecretin^  part  of  the  liver,  are  of  a  spheroidal 
form,  somewhat  polygonal  from  mutual  pressure  about  ^  to  ycVtj  itich 
(about  j\  to  ^V  nam.)  in  diameter,  possessing  one,  sometimes  two  nuclei. 
The  cell-sub&tance  contains  numerous  fatty  molecules,  and  some  yellow- 
ish granules  of  bile-pigment,  as  well  as  a  variable  amount  of  glycogen. 


Fiir  SSS.-Lonf^tudlJml  section  of  &  portal  canal,  contalnlojr  a  portal  vein,  hepattc  artery  and 

bHMUIc  duct,  from  the  pi^.     p.  hraoch  of  venn  rJ<^irt.a?.  sEt^jate  in  a  ruirtul  caiial  ftjrtued  amonj?  tbe 

lODuIt-'S  of  the  liver,  /,  /.  and  Ki'^'ir»>:  ffT  vajrincil  hraiu-ljeA;  there  are  alst>  M^en  Vkitliin  the  larse  |K}rtal 

'  Wn  nijitieruiis  uriaotjs  of  the  HmnileBt  iDt^L^rlobuiar  veLoa  arisuig  directly  from  il;  a,  bepatic  aruvry; 

«l,  hepaUc  duct,     x  5.    (KieruaD.> 


The  cells  Bometimes  exhibit  slow  ama?boid  movements.     They  are  held 
together  by  a  very  delicate  sustentacular  tissue,  continuous  with  the  in 
terlobular  connective  tissue. 

To  understand  the  distribution  of  the  blood-vessels  in  the  liver,  it 
will  be  well  to  tmce,  first,  the  two  blood-vesst^ls  and  the  duct  which  enter 
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the  organ  on  the  under  surface  at  the  tranBveree  fissure^  viz.,  the  portil 
vein,  hepatic  artery,  and  hepatic  duct.  As  before  remarked,  all  thr« 
run  in  company,  and  their  appearance  on  longitudinal  aectian  k  shown 
in  fig.  2o5,  Running  together  through  the  substance  of  the  liver,  ihej 
are  contained  in  small  channels  called  portal  cauah,  their  immediate  in- 
vestment being  a  sheath  of  areolar  tissue  continuous  with  Glisson's  cap- 
sule. 

To  take  the  distribution  of  the  portal  vein  first: — In  its  course throDgh 
the  liver  this  vessel  gives  off  small  branches  which  divide  and  subdivide 
between  the  lobules  surrounding  them  and  limiting  them,  and  from  this 
circumstances  called  ui^^r-lobular  veins.  From  these  small  vesseb  i 
dense  capillary  network  is  prolonged  into  the  substance  of  the  lobule, 


The  flf?ur«  to  taken  tram  »fv7 


i 


Fig.  8Sd.— CapfllAi^'  nf?twork  of  the  lobuJes  of  the  rabbit's  liver. 

BUCOessful  injeetiob  of  th*-  hefiiitli?  veitJSs  made  bv  Hftrtinfr:  it  ahows  tieiirly  the  frbole  €f  twokv 
bules,  and  parts  of  thri?!'  olbera  :  |i,  pcjital  brancfieH  niniiinfc  in  tbe  iDterlobulAr  spaces;  h,  ' 
veins  peoetratltij?  and  radiating  from  the  centre  of  the  lobulea.     X  45.    (K^Glllker.) 


argerV 


and  this  network  gradiniily  gathering  itself  np,  so  to  speak,  into  larger' 
vessels,  converges  finiilly  to  a  single  small  vein,  occupying  the  centre  of 
the  lobule,  and  hence  called  t///rfr-lobukir.  This  arrangement  is  well 
seen  in  fig.  256,  which  represents  a  transverse  section  of  a  lobule. 

The  small  £w^r« -lobular  veins  discharge  their  contents  into  veins 
called  ^?^^-lobular  (k  h  It,  fig.  257);  while  these  again,  by  their  union, 
form  the  main  branches  of  the  hepafir  veins,  which  leave  the  posterior 
border  of  the  liver  to  end  by  two  or  three  principal  trunks  in  the  infe- 
rior vena  cava,  just  before  its  passage  through  the  diaphragm*  The 
dw^lobular  and  kepafic  veins,  unlike  the  porial  vein  and  its  companions, 
have  little  or  no  areolar  tissue  around  them,  and  their  coats  being  very 
thin,  they  form  little  more  than  mere  channels  in  the  liver  substaiioe 
which  closely  surrounds  theuL 

The  manner  in  which  the  lobules  are  connected  with  the  suMobular 
veins  by  means  of  the  small  iniraloindar  vein^  has  been  likened  to  a  twig 


I 
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haring  lenTes  without  footstalks — the  lohtiles  represeiitmg  the  leaTes^ 
and  the  sublolmlar  ?em  the  amiJl  branch  from  which  it  springs. 


Fig.mr, 


Fu^.ssa 


jng.  417— Sectioa  of  &  porttoo  of  Uww  puiliir  lonffitudlDjdly  tfarousb  «  cotMldomble  faepatle 
Tdn,  from  the  pig^.  a,  h»*patic  Teucm*  tnmk,  a^e&uisc  which  the  aides  of  the  lobule*  it}  aru  appiiwl: 
Kh^h,  mblobuW  bepAtio  vdns.  od  whtch  the  baaei  of  the  lohules  r««t,  and  through  Um  coata  of 


which  thev  &ne  se«D  as  polygooa]  fl^nrcv;  U  mouth  of  the  intmlobiilar  veins,  uptoiing  into  the  sub- 
lO'bulAT  vdzu;  i\  intnlohular  Telns  ■bofna  pttflsiD^  up  theceutreof  nomia  iUrJ4l«d  lobuJiM;  £.  L,  cut 
■orfaoe  of  the  liver :  c,  c,  wall«  of  the  bepfttie  veuoutt  canoJ,  foruied  bj  the  polygonal  beLeme  of  the 
lobtiln.    X  6.     (KfarDanj 

Fly,  9S8.— PortkNi  of  a  lobule  of  liver,  o,  bile  capillaries  betwet-n  liver  cells,  the  network  in 
which  Ea  well  seen;  b,  blood  cmpiUariea.    X  360,    CKleiii  and  Noble  Bfiiltli.  i 

The  hepatic  artery,  the  chief  function  of  which  is  to  distribute  blood 
for  nutrition  to  Glisson*8  trnpaule,  the  walls  of  the  din-ts  and  blood -ves- 
sels, and  other  parts  of  the  liver,  is  distributed  in  a  very  similar  manner 


Fiif .  259.— Hepatic  ceiJfl  Hnd  hilt'  capinariei,  from  the  liver  of  a  child  three  inonthf^'  old.  Both 
flinJrp»Pi*pn?&ent  frBKUienthiif  a  ftti-tiim  t-iirrted  through  th*t  periphery  of  it  lobule.  The  red  cor* 
pust-ie*  uf  ihehiwNjarr  rt'copni/ed  liv  thtir  circular  contour;  r/i,  corresjHnids  U)  tin  iaterlobfilar 
vein  in  ininjedittte  proximity  with  which  arn  the  epItbellaJ  eelis  of  thr.  blliJU-y  duci«,  l"  which,  at  the 
lower  part  Qt  the  flgrures,  ihe  much  larger  hepatic  cells  suddenly  succeed.    (E.  liering  j 

to  the  portal  vein,  its  blood  being  returned  by  small  branches  either 
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into  the  rainificationj  of  the  portal  Tein,  or  into  the  cspiUary  plexu  of 
the  lobules  which  conneet^  the  in/^r-  and  in/ro-lobalar  reins. 

The  hefiatic  dact  divides  and  subdirides  in  a  manner  very  like  tbit 
of  the  portal  vein  and  hepatic  artery,  the  larger  branches  being  lined 
by  cylindrical,  and  the  smaller  by  small  polygonal  epiiheliam. 

The  bile-capillaries  commence  between  the  hepatic  cells,  and  are 
bounded  by  a  delicate  membranous  wall  of  their  own.  They  appear  to 
be  always  bounded  by  hepatic  cells  on  all  sides,  and  are  thus  separated 
from  the  nearest  blood-capillary  by  at  least  the  breadth  of  one  cdl  (figi. 
258  and  259). 

The  Gall-bladdeb. 

The  Gall-bladder  (o.  b.  fig.  253)  is  a  pyriform  bag,  attached  to  the 
under  surface  of  the  liver,  and  supported  also  by  the  peritonenm,  which 
passes  below  it.  The  larger  end,  or  funduSy  projects  beyond  the  front 
margin  of  the  liver;  while  the  smaller  end  contracts  into  the  cystic  duct 

Structure. — The  walls  of  the  gall-bladder  are  constmcted  of  three 
principal  coats.  (1)  Externally  (excepting  that  part  which  is  in  contact 
with  the  liver),  is  the  seroua  coat,  which  has  the  same  stmctnre  as  the 
peritoneum  with  which  it  is  continuous.  Within  this  is  (2)  thefibrout 
or  areolar  coat,  constructed  of  tough  fibrous  and  elastic  tissue,  with 
which  is  mingled  a  considerable  number  of  plain  muscular  fibres,  both 
longitudinal  and  circular.  (3)  Internally  the  gall-bladder  is  lined  by 
mucous  membrane,  and  a  layer  of  columnar  epithelium.  The  surface 
of  the  mucous  membrane  presents  to  the  naked  eye  a  minutely  honey- 
combed appearance  from  a  number  of  tiny  polygonal  depressions  with 
intervening  ridgeri,  by  which  its  surface  is  mapped  out.  In  the  cystic 
duct  the  mucous  membrane  is  raised  up  in  the  form  of  crescentic  folds, 
which  together  appear  like  a  spiral  valve,  and  which  minister  to  the 
function  of  the  gall-bladder  in  retaining  the  bile  during  the  interval  of 
digestion. 

The  gall-bladder  and  all  the  main  biliary  ducts  are  provided  with 
mucous  glands,  whicli  open  on  the  internal  surface. 

Functions  of  the  Liver. 

The  function  of  the  liver  in  connection  with  digestion  is  to  secrete 
the  bile,  and  may  be  now  considered.  The  other  functions  in  connec- 
tion with  the  general  metabolism  of  the  body,  and  particularly  its  gly- 
cogenic function,  will  be  considered  later  on.  First  of  all  it  will  be  as 
well  to  take  tlie  composition  and  functions  of  the  bile,  and  afterward  to 
discuss  its  mode  of  secretion. 
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^^f  The  Bile. 

B  Properties, — The  bile  is  a  somewhat  viscid  fluid,  of  a  yellow  or  reddish- 
yellow  or  green  color»  a  strongly  bitter  taste,  and,  when  fresh,  with  a 
t scarcely  perceptible  odor:  it  has  a  neutral  or  slightly  alkaline  reaction, 
and  its  specific  gravity  is  abotit  1020.  Its  color  aud  degree  of  consist- 
ence vary  mnch,  quite  independent  of  disease;  but,  as  a  rule,  it  becomes 
gradually  more  deeply  colored  and  thicker  as  it  advances  along  its  ducts^ 
or  when  it  remains  long  in  the  gall-bladder^  wherein,  at  the  same  time, 
it  becomes  more  viscid  and  ropy,  darker,  and  more  bitter,  mainly  from 
!     its  greater  degree  of  concentration,  on  account  of  partial  ahsorption  of 

■  its  water,  but  also  from  being  mixed  with  mucus, 

H  CHEaiiCAL  Composition  of  Huuan  Bile.     (Frertchi.) 

■  Water 859.3 

^^^  Solidfi— Bile  Baits 91.5 

^^m  Fat 9.2 

^^^H  CholesteriD 2.6 

^^^H  MucuB  and  coloring  mattet-H  29.  d 

^^K  SaltB 

(a)  Bile  salts,  sometimes  termed  Bilin,  can  be  obtained  as  colorless, 
exceedingly  deliquescent  crystals,  soluble  in  water,  alcohol,  and  alkaline 
solutions,  giving  to  tbe  watery  solution  the  taste  and  general  characters 
of  bile.  They  consist  of  sodium  salts  of  glycocholie  and  taorocholic 
acids.  The  formula  of  the  former  salt  being  C^fiH^aNaNOsp  and  of  the 
latter  CaeHnNaNOrS. 

The  bile  acids  are  easily  decomposed  by  the  action  of  dilute  acids  or  alk lilies 
thus: 

^^^^^^  Glyctrt^hoKe  Acid.  Olyoln.  CboUc  Acid. 

^^^^P         and  CHmNO^S  +  H,0  =  CHtNO.S  +  C,«H«»0. 

^^^^^^  TnurochoUc  Acid.  Ttiurln.  Cholic  Add. 

H  Gljcin»  or  glycoein.  ia  amido-acetic  acid,  t,e.,  acetic  acid  C*H«0,,  with  one 
^■<»f  the  atoQis  of  11  replut'ed  by  the  radical  amidogen  NHa.CaHa  (NHi)Oj, 
^"  CiHjNaO,  Taurin  likewise  is  aniiilo-iaethioijic  acid,  Iwethionic  aeid  is  sul- 
phurous acid  Ha80i»  in  which  an  atr>m  t>f  H  is  replaced  by  the  nionototuic 
radicle  oxy -ethylene,  CjEI+OIl,  viz.,  HCC^UiOPDSOa,  and  in  anndo-isethionic 
Jicid,  the  OH  bydroxyl  in  this  radicle  is  replaced  by  aniidogi^u  NHa,  thuH 
JI(C»H*NH,)SOs  =  CaH^NSO,.  Tlie  proportion  of  these  two  salts  in  the  bile  of 
differt^nt  animals  varies,  e.g.,  hi  ox  bile  the  glycm!h*Hate  is  in  i^eat  excess, 
whereas  the  bile  of  the  dog.  cat,  lM?ar.  and  other  earuivora  contains  taurocho- 
late  alone;  in  human  bile  the  glyeocbolate  is  in  excess  (4.H  to  l.^j)- 

Prefmration   of  Bile  Salts. — Bile  salts   may   be  prepared   in  the  following 
loaimer :  mix   bile  which   has  been  evaporated  to  a  quarter  of   its  bulk  with 
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animal  charcoal,  and  evaporate  to  perfect  drynesa  in  a  water  bath.     Neit «.  I 
tract  the  mass  while  still  wanii  witli  absolute  alcohol     Separate  the  alcoholie  I 
extract  by  filtration,  and  to  it  add   [>erfect!j  anhydrous  ether  as  long  as  a  pf^.  ^ 
cipitate  la  throwe  down.     The  Bolution  and  precipitate  ghould  be  set  aaide  in 
a  closely  stoppered  lH>ttl©  for  gome  days,  when  crystals  of  the  bile  BalU  or  biUn 
will  have  separatt^d  out.     The  glycocholate  may  be  separated  from  the  tam^ 
cholate  by  diseolving  biHn  in  «rater»  and  adding  to  it  a  solution  of  neutral  Uad 
acetate,  and  then  a  little  basic  lead  acetate,  when  lead  glycocholate  sepantei 
out.     Filter  and  add  to  the  filtrate   lead  acetate  and  ammonia,  a  precipitate  of 
lead  taurocholate  will  be  formed,  which  may  be  filtered  off.     In  both  cafiea.  the 
lead  may  be  got  rid  of  b)*  suspending  or  dissolving  in  hot  alcohol,  addiof 
hydrogen  sulphide,  filtering  and  allowing  tlie  acids  to  separata  out  by  the  se- 
dition of  water. 

The  Test  for  bile  salts  is  known  as  FetteDkofer^s.  If  to  an  aqueous 
BolEtion  of  the  salts  strong  sulphuric  acid  be  added,  the  bile  acids  are 
first  of  all  preciijitated,  but  on  the  further  addition  of  the  acid  are  re- 
disBolvod.  If  to  the  solution  a  drop  of  solution  of  cane  sugar  be  added, 
a  fine  deep  cherry  red  to  purple  color  is  developed. 

The  reaction  will  also  oc^ur  on  the  addition  of  grape  or  fruit  sugar  instead 
of  cane  sugar,  slowly  with  the  first,  quickly  vvith  the  last;  and  a  color  similar 
to  the  above  is  produced  by  the  action  of  sulphuric  acid  and  sugar  on  albumen, 
the  crj'stalline  lens,  nerve  tissue,  oleic  acid,  pure  ether,  choleBterin,  morphia, 
codeia  and  amy  lie  alcobol.  Tlie  siil^tance  which  gives  the  reaction  is/ur/ur- 
aidehi/de,  formed  by  the  action  of  sulphuric  on  sugar.  Furfur- aldehyde  with 
cholalic  acid  givea  the  red  color. 

The  spectrum  of  Pettenkofer's  reaction,  when  the  flnid  is  moder- 
ately diluted,  shows  four  hands— the  most  marked  and  broadest  at  E, 
and  a  little  to  the  left;  another  at  F;  a  third  between  D  and  E,  nearer 
to  D;  and  the  fourth  near  D, 

(b)  The  yellow  coloring niafier  of  the  bile  of  man  and  the  Carnirora 
is  termed  BiiirttbiH  or  BiltJ'ulvin  (Cn^HisKjOa)  crystallizable  and  in- 
eolnhle  in  water,  ^tjhihie  in  chloroform  or  c^irbon  disnlphide;  a  green 
coloring  matter,  IJiitrerdin  (CielljoN^Or/)  which  always  cxista  in  large 
amount  in  the  bile  of  Ilerbivoni,  being  formed  from  bilirubin  on  expo- 
sure to  the  air»  or  by  subjecting  the  bik  to  any  other  oxidizing  agency, 
as  by  adding  nitric  aeid.  Biliverdin  is  soluble  in  alcohol  but  insolu- 
ble in  water,  in  chloroform  and  almost  in  ether.  It  is  not  crystalline. 
When  the  bile  h:is  been  long  in  the  gull-bladder,  a  third  pigment,  ^i7k^ 
prasin,  may  be  also  found  in  small  amount.  ■ 

In  cases  of  biliary  obstruction,  the  coloring  matter  of  the  bile  is  re- 
absorbed and  circulates  witli  the  blood,  giving  to  the  tissues  the  jellow  M 
tint  characteristic  of  jaundice.  V 

The  coloring  matters  of  human  bile  do  not  appear  to  give  character- 
istic absorption  spectra;  but  the  bile  of  the  Guinea-pig,  rabbit,  mouB^ 
sheepj  ox,  and  crow  do  so,  the  most  constant  of  which  appears  to  ba  i^ 
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bftnd  at  F.  The  bile  of  the  sheep  and  ox  give  three  bands  in  ii  thick 
layer,  and  four  or  five  bands  with  a  thinner  layer,  one  on  each  side  of 
D,  one  near  E,  and  a  faint  line  at  F.     (McMiinn,) 

There  seems  to  be  a  close  relationship  between  the  coloring  matters 
i  of  the  blood  and  of  the  bile,  and  it  may  be  added,  between  these  and 
that  of  the  urine  {unMlin),  and  of  the  fseceB  (^iervolnlhi)  also;  it  is 
probable  they  are,  all  of  them,  varieties  of  the  same  pigment,  or  derived 
from  the  same  source.  Indeed  it  is  maintained  that  UmbHin  is  identi- 
cal with  Htjdrohilirubin^  a  substance  which  in  alkali  Tie  solution  gives  a 
green  flaoreecenoe  with  zinc  chloride,  which  is  obtained  from  bilirubin 
by  the  action  of  sodium  amalgam,  or  by  the  action  of  sodium  amalgam 
on  alkaline  hffimatin;  both  urobilin  and  hydrobilinibin  giving  a  charac- 
teristic absorption  band  between  b  and  F.  They  are  also  identical  with 
stercobiliDj  which  is  formed  in  the  alimentary  canal  from  bOe  pigments* 


Tig.  aoo.— Cry&tftUiEi^  iu3«.lefl  of  cho1eistc«rin. 

The  Test  (Gmelin^s)  for  the  presence  of  hih-pifimeul  consists  of  the 
addition  of  a  small  quantity  of  nitric  acid,  yellow  with  nitrous  acid;  if 
bile  be  present,  a  play  of  colors  is  produced,  bcKiuning  with  green  and 
passing  through  blue  and  violet  to  red,  and  lastly  to  yellow.  The  final 
yellow  substance  has  been  chilled  rliolffelitK  The  spectrum  of  Gmelin's 
test  gives  a  bliick  band  extcTitling  from  near  b  to  beyond  F. 

(r)  Fatty  substanrvH  are  found  iu  variable  proportions  in  the  bile. 
Besides  these  saponitiable  fats,  there  is  a  small  quantity  of  CholejftBriu^ 
which  is  an  alcoliol,  and,  with  the  free  fats,  is  probably  held  in  solution 
by  the  bile  salts.  It  is  a  body  belonging  to  the  class  of  moiuitomic  alco- 
hols {CuUhO),  and  crystallizes  in  rhombic  plates  {fig.  260).  It  is  in- 
sohible  in  water  and  cold  alcohol,  but  dissolves  easily  in  boiling  alcohol 
or  in  ethen  It  gives  a  red  color  with  strong  sulphuric  acid,  and  with 
nitric  acid  and  ammonia;  also  a  play  of  colors  beginning  with  blood  red 
and  ending  with  green  on  the  siddition  of  sulphuric  iicid  and  chloro- 
form. Lecithin  {t'tina^NPOy),  a  phosphiiros-contuining  liody  and  Xeu- 
fin  (CslItsNO:^),  are  also  found  in  bile^  the  latter  probably  as  a  decom- 
position product  of  the  former 
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(d)  The  Mucus  in  bile  is  derived  from  the  mucous  membrane  and 
glands  of  the  gall-bladder,  tind  of  the  hepatic  ducts.  It  constitutes  the 
residue  after  bile  is  treated  with  alcohoh  The  epithelium  with  which  it 
is  mixed  may  be  detected  in  the  bile  with  the  microscope  in  the  form  of 
cylindrical  cells,  either  scattered  or  still  held  together  in  layers.  To 
the  presence  of  the  mucus  is  probably  to  be  ascribed  the  rapid  decom- 
position of  the  bile;  for,  according  to  Berzelius,  if  the  mucus  be  sepa- 
rated, it  will  remain  unchanged  for  many  days. 

(e)  The  Saline  or  inorganic  cnnaiitueuts  of  the  bile  are  similar  to 
those  found  in  most  other  secreted  fluids.  It  is  possible  that  the  car- 
bonate and  neutral  phosphate  of  sodium  and  potassium,  found  in  the 
ashes  of  bile,  are  formed  in  the  incineration,  and  do  not  exist  as  such  iu 
the  fluid.  Oxide  of  iron  is  said  to  be  a  common  constituent  of  the  ashes 
of  bile,  and  copper  is  generally  found  in  healthy  bile,  and  constantly  in 
biliary  calculi, 

(/)  Qa.% — Small  amounts  of  carbonic  acid,  oxygen,  and  nitrogeo 
gasfle,  may  he  extracted  from  bile. 

Fnnvtimis  of  the  i/i7a.— llespeeting  the  functions  discharged  by  the 
bile  in  digestion,  there  is  little  doubt  that  it  [a)  assists  in  €7nuh\fyin§ 
the  fats  of  the  food,  and  thus  rendering  them  capable  of  passing  iiita 
the  hictoals  by  absorption.  For  it  has  appeared  in  some  experiments  in 
which  the  common  bile-duct  was  tied,  that,  although  the  process  of 
digestion  in  the  stomach  was  unaffected,  chyle  was  no  longer  well 
formed;  the  contents  of  the  lactenls  consisting  of  clear,  colorless  fluid, 
instead  of  being  opaque  and  white,  as  they  ordinarily  are,  after  feeding. 
It  is,  however,  the  combined  action  of  the  bile  with  the  pancreatic  juice 
to  whicli  the  cmulsification  is  due  rather  than  to  that  of  the  bile  alone. 
The  bile  itself  has  a  very  feeble  emulsifying  power. 

(A)  It  is  probable,  also,  that  the  mmsteninfj  of  the  mncnus  mcmbram 
of  the  intestines  by  bile  facilitates  absorption  of  fatty  matters  through  it. 

{c)  The  bile,  like  the  gastric  fluid,  has  a  certain  but  not  very  con- 
siderable (intiHeptie  power,  and  may  serve  to  prevent  the  decomposition 
of  food  during  the  time  of  its  sojourn  in  the  intestines.  Experiments 
show  that  the  contents  of  the  intestines  are  much  more  foetid  after  the  M 
common  bile-duct  baa  been  tied  than  at  other  times:  moreover,  it  is  ■ 
found  that  the  mixture  of  bile  with  a  fermenting  fluid  stops  or  spoils 
the  process  of  fermentation.  M 

{iJ)  The  bile  has  also  been  considered  to  act  as  a  natural  purgaiiv^^  ■ 
hy  promoting  an  increased  secretion  of  the  intestinal  glands,  and  by 
stimnlatiTi^  the  intestines  to  the  propulsion  of  their  contents.  This  view 
receives  support  from  the  constipation  which  ordinarily  exists  in  jaun- 
dice, from  the  diarrhcea  which  accompanies  excessive  secretion  of  bile, 
and  from  the  purgative  properties  of  ox-galL 

{e)  The  bile  appears  to  have  the  power  of  precipitating  the  gastric 
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proteoses  and  pepfones,  torjelher  wiih  the  pepshi,  which  is  mixed  up  with 
them,  as  soon  as  the  contents  of  the  stomach  meet  it  in  the  duodenum* 
The  purpose  of  this  operation  is  probably  both  to  delay  any  change  in 
the  proteosee  until  the  paucreiitic  juice  can  act  upon  them,  and  also  to 
prevent  the  pepsin  from  exercising  its  solvent  action  on  the  ferments 
of  the  pancreatic  juice. 

(/)  As  an  excrement  it  ious  substance,  the  bOe  may  serve  especially  aa 
a  medium  for  the  sepamtion  of  certain  highly  carbonaceous  aubstance* 
from  the  blood ;  and  its  adaptation  to  this  purpose  is  well-illustruted  by 
the  peculiarities  attending  its  secretion  and  disposal  in  the  foetus.  Dar- 
ing intra-uterioe  life,  the  kings  and  the  intestinal  canal  are  almost  in- 
active; there  is  no  respiration  of  open  air  or  digestion  of  food;  these 
are  unnecessary,  on  account  of  the  supply  of  well-elaborated  nutriment 
received  by  the  vessels  of  the  foetus  at  the  placenta.  The  liver,  during 
the  same  time,  is  proportionately  larger  than  it  is  after  birth,  and  the 
secretion  of  bile  is  active,  although  there  is  no  food  in  the  intestinal 
canal  upon  which  it  can  exercise  any  digestive  property.  At  birth, 
the  intestinal  canal  is  full  of  concentrated  bile,  mixed  with  intestinal 
secretion,  and  this  constitutes  the  mccomum,  or  faeces  of  the  foetus. 
In  the  fiEtus,  therefore,  the  main  purpose  of  the  secretion  of  bile  must 
be  directly  excretive.  Probably  all  tiie  bile  secreted  in  ftetal  life  is 
incorporated  in  the  meconium,  and  with  it  discharged,  aiul  thus  the 
liver  may  be  said  to  discharge  a  function  in  some  sense  vicarious  of 
that  of  the  lungs.  For,  in  the  fcetus,  nearly  all  tlie  blood  coming  from 
the  placenta  pusses  through  the  liver,  previous  to  its  distribution  to 
the  several  orgsms  of  the  body;  and  the  abstraction  of  certain  sub- 
stances  vrill  purify  it,  as  in  extra-uterioe  life  it  is  purified  by  the  separa- 
tion of  carbon  dioxide  and  water  at  the  lungs. 

Mode  of  See  ret  ion  and  Disfharge. — The  secretion  of  bile  is  contin- 
ually going  on,  but  is  retarded  during  fasting,  and  accelerated  on  taking 
food.  This  has  been  shown  by  tying  the  common  bile-duct  of  a  dog, 
and  establishing  a  fistulous  opening  between  the  skin  and  gull-hladder, 
whereby  all  the  bile  secreted  was  discharged  at  the  surface.  It  was 
noticed  that  when  the  animal  was  fasting,  sometimes  not  a  drop  of  bila 
was  discharged  for  several  hours;  but  that,  in  about  ten  minutes  after 
the  introduction  of  food  into  the  stomach,  the  bile  began  to  flow  abun- 
dantly, and  continued  to  do  so  during  the  whole  period  of  digestion. 

The  bile  is  formed  in  the  hepatic  cells;  thence,  being  discharged 
into  the  minute  hepatic  ducts*  it  passes  into  the  larger  trunks,  and  from 
the  main  hepatic  duct  may  be  carried  at  once  into  the  duodenum. 
This  probably  happens  only  while  digestion  is  going  on,  i,e,,  for  5  to  7 
hours  after  the  introduction  of  food  into  the  stomach;  during  fasting, 
it  regnrgitatofl  from  the  common  bile-dnct  through  the  cystic  duct,  into 
the  gall-bladder,  where  it  accumulates  till,  in  the  next  period  of  diges- 
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tion,  it  is  discharged  into  tlie  intestine.  The  giill-bladder  thus  f&lfiU 
ita  office,  that  of  a  roaervoir;  lor  itu  presence  enables  bile  to  be  con- 
«tiintly  secrptetl,  yet  insures  its  employment  in  the  service  of  digestion, 
although  digestion  is  periodic,  and  the  secretion  of  biJe  constant. 

The  mechiinism  by  which  the  bile  passes  into  the  gall-bladder  u 
simple.  The  orifice  tbrongh  which  tlie  eomnion  bile-duct  comniimi- 
cates  with  tiio  duodenum  is  narrower  than  the  doct,  and  appears  to  be 
closed,  except  when  there  is  sufficient  pressure  behind  to  force  the  bile 
through  it.  Tlie  pressure  exercised  upon  the  bile  Beeroted  during  the 
intervals  of  digestion  appears  insufficient  to  overcome  the  force  with 
which  the  orifice  of  the  duct  is  closed;  and  the  bile  in  the  commoii 
duct,  finding  no  exit  in  the  intestine,  truverses  the  cystic  duct,  and  m 
passes  into  the  gall-bladder,  being  probably  aided  in  this  retrograde 
courtse  by  the  peristaltic  action  of  the  ducts.  The  bile  is  discharged 
from  the  gall-bladder  and  enters  the  duodenom  on  the  introduction  of 
food  into  the  small  intestine:  being  pressed  on  by  the  contniction  of 
the  coats  of  the  gull-bliulder,  and  of  the  common  bile-doct  also;  for  both 
these  orgiins  contain  unstriped  muscular  fibre-cells.  Their  contraction 
is  excited  by  the  stimulus  of  the  food  in  the  duodenum  acting  so  as  to 
produce  a  reflex  moveuient,  the  force  of  which  is  sufficient  to  open  the 
orifice  of  the  common  bile-duct. 

Bile  is  not  pre-formed  in  the  blood*  As  just  observed,  it  is  secreted 
by  the  hepatic  cells,  although  some  of  its  constituents  may  be  brought 
to  them  almost  in  the  condition  for  immediate  secretion.  The  blood 
from  which  the  liver  cells  secrete  the  bile  is  that  applied  to  them  by  the 
portal  vein.  This  is  shown  by  the  alterations  which  occur  in  the  pro- 
cess on  the  alteration  of  the  pressure  in  the  portal  system.  If  the  portal 
vein  be  obstructed,  the  amount  of  bile  secreted  diminishes,  and  is  ulti- 
mately suppressed,  death  resulting.  It  has,  however,  been  shown  that 
under  cxtmordiuary  circumstances  bile  may  be  secreted  by  the  aid  of 
the  blood  from  the  hepatic  artery,  since  if  a  branch  of  the  portal  vein 
be  tied,  the  part  of  the  liver  supplied  by  it  continues  to  secrete  bile, 
though  in  diminished  fjuantity.  When  the  discharge  of  the  bile  into 
the  intestine  is  prevented  by  an  obstruction  of  some  kind,  as  by  a  gall- 
gitme  blocking  the  hepatic  duct,  it  is  reabsorbed  in  great  excess  into 
the  blood,  and,  circulating  w^ith  it,  gives  rise  to  the  well-known  phenom- 
ena of  jaundice.  This  is  explained  by  the  fact  that  the  pressiire  of 
secretion  in  the  ducts  although  nornudly  very  low,  not  exceeding  15 
mm,  in  the  dog,  is  still  higher  than  tliat  of  the  portal  veins,  and  if  it 
exceeds  16  mm.  the  secretion  although  formed  ceases  to  be  poured  out, 
and  if  the  opposing  force  be  increased,  the  bile  passes  into  the  blood- 
vessels through  the  lymphatics,  and  the  yellow  color  appears  in  the  skin 
and  in  the  secretions,  and  constitutes  the  condition  of  jaundice.  In 
jaundice  the  foeces  are  light  colored  and  highly  offensive,  there  is  cod- 
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mtipation,  the  heart  beats  slowly,  and  from  the  presence  of  bile  salts  us 
well  as  bile  piguieiit  in  the  blood,  the  red  blood  corpuscles  may  be  in 
part  dissolved.  The  latter  action  results  in  the  presence  of  haemoglobin 
and  of  an  additional  amonnt  of  bile  pigment  in  the  urine» 

DispOHtU  of  fke  Biie, — The  simple  excretion  of  the  fcetal  bile  niaites 
it  probable  thiit  the  bile  in  extra-uterine  life  is  also,  at  least  in  part,  des- 
tined to  be  discharged  as  excrementitious.  The  analysis  of  the  faeces 
ihowSy  however,  that  (except  when  rapidly  discharged  in  purgation)  they 
contain  very  little  of  the  bile  secreted,  prol>ably  not  more  than  one-six- 
teenth part  of  its  weight,  and  that  this  portion  includes  chiefly  its  col- 
oring matter  in  the  form  of  stercobilin,  and  some  of  its  fatty  matters 
and  mncin,  but  its  salts  to  only  a  very  slight  degree,  almost  all  of  which 
have  been  reabsorbed  from  the  intestines  into  the  blood.  The  bilirubin 
is  in  part  converted  into  urobilin  and  is  reabsorbed  and  excreted  by  the 
kidneys  in  the  urine. 

The  elementary  composition  of  bile-salts  shows  such  a  preponderance 
©f  carbon  and  hydrogen  that  probablj',  after  absorption,  they  combine 
with  oxygen,  and  are  excreted  in  the  form  of  carbonic  acid  and  water. 
The  change  after  birth,  from  the  direct  to  the  indirect  mode  of  excre- 
tion of  the  bile  may,  with  much  probability,  be  connected  with  a  purpose 
in  relation  to  the  development  of  heat.  The  temperature  of  the  fci-tus 
Ib  largely  maintained  by  that  of  the  parent,  but,  in  extru-nterino  life, 
there  is  (as  one  may  say)  a  waste  of  material  for  heat  when  any  excre- 
tion is  discharged  nnoxidized;  the  carbon  and  hydrogen  of  bilin,  there- 
fore^  instead  of  being  ejected  in  the  fseces,  to  a  very  large  extent  (viz., 
j),  are  reabsorbed,  in  order  tliat  they  may  be  combined  with  oxygen,  and 
that  in  the  combination  heat  may  be  genenited.  It  appears  that  tauro- 
cholic  acid  may  easily  be  split  up  in  the  intestine  into  taurin  and  chola- 
lic  acid,  and  the  same  is  probable  of  glycocholic  acid*  Taurin,  glycin, 
and  cholalic  acid  have  ail  been  detected  in  email  amounts  in  the  fgeces. 
So  that  the  bile  is  in  part  excreted,  but  in  part  is  reabsorbed  from  the 
intestine  (chiefly  the  large),  and  returned  to  the  liver.  What  may  be 
the  ultimate  destination  of  these  altered  ur  unaltered  constituents  is  un- 
known. Glycin  is  supposed  to  go  partly  to  form  urea,  and  taurin  is  ex- 
creted to  a  slight  extent  in  the  urine  as  tauro-carbamic  acid,  but  it  is 
probable  that  although  part  of  this  may  unite  to  re-form  glycocholic  or 
taurocholic  acid,  the  remainder  is  united  with  oxygen,  and  is  burnt  off 
in  the  form  of  carbonic  acid  and  water, 

A  substance,  contained  in  the  faeces,  and  named  st&rcorin^  is  closely 
allied  to  eholesterin.  Ten  grains  and  a  half  of  atercorin  are  excreted 
daily  (A.  Flint). 

From  the  peculiar  manner  in  which  the  liver  is  supplied  with  moch 
of  the  blood  that  flows  through  it,  it  is  probable  that  this  organ  is  ex- 
cretory, not  only  for  such  hydro- carbonaceous  matters  as  may  need  ex- 
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pulfiion  from  the  blood,  but  that  it  serres  for  the  direct  puriBcatlon  of 
the  stream  which,  arriving  by  the  pcfrtal  vein,  has  juat  gathered  up  Yuri- 
0U8  eubstancee  in  its  course  through  the  digestive  organs— -Bnbstanoea 
which  may  need  to  be  expelled,  almost  immediately  after  their  abeoqi- 
tion.  For  it  is  easily  conceivable  that  many  things  may  be  taken  up 
during  digestion,  which  not  only  are  unfit  for  purposes  of  nutrition,  but 
which  would  be  positively  iiijiariouB  if  allowed  to  mingle  with  the  gen- 
eral mass  of  the  blood.  The  liver,  therefore,  may  be  supposed  placed  in 
the  only  road  by  which  such  matters  can  pass  unchanged  into  the  general 
current,  jealously  to  guard  agitinst  their  further  progress, and  tuni  them 
back  again  into  an  excretory  channel.  The  frequency  with  which  me- 
tallic poisons  are  either  excreted  by  the  liver,  or  intercepted  and  retainer 
often  for  a  considerable  time,  in  its  own  substance,  may  be  adduced  at 
evidence  for  the  probable  truth  of  this  supposition. 

The  secretion  of  the  bile  by  the  hepatic  cells  is  undoubtedly  infiuenoed 
by  the  amount  of  blood  supplied  to  them.  This  is  well  seen  after  a  mcalf 
when  the  amount  of  blood  passing  through  the  portal  circulation  in  con* 
sequence  of  the  congestion  of  the  Becreting  organs  of  the  abdomen  is 
greatly  increased,  and  with  it  the  bile  secretion.  It  is Jiowevor,  probabb 
that  the  secretion  of  the  cells  is  in  some  more  direct  way  under  the  con- 
trol of  the  nervous  system,  but  how  this  influence  is  exercised  \&  un- 
known. The  antecedents  of  the  various  substances  of  the  bile  from 
which  the  cells  manufMcture  its  chief  constituents  are  not  exactly  known. 
It  is  surmised  that  the  bilirubin  is  formed  from  haemoglobin  brought 
from  the  spleen  either  actually  dissolved  in  the  plasma  of  the  blood  or 
in  such  a  condition  in  the  corpuscles  as  to  be  easily  acted  upon  by  the 
liver  cells^  by  which  the  iron  is  separated*  The  bile  salts  aire,  at  any 
rate  in  part,  formed  simply  by  the  conjunction  of  glycinand  taurin  with 
cholalic  acid,  all  of  which  may  be  brought  to  the  liver  in  the  portal 
blood,  hut  failing  this  it  is  probable  that  the  hepatic  cells  can  produce 
these  substances  anew. 

The  Intestinal  Secretion,  or  Succus  Entericus. 

•  On  account  of  the  diflSculty  in  isolating  the  secretion  of  the  glands 
in  the  wall  of  the  intestine  (Brunner^s  and  Lieberktibn's)  from  other 
eecretions  poured  into  the  canal  (gastric  juice,  bile,  and  pancreatic  se- 
cretion),  but  little  is  known  regarding  the  composition  of  the  intestinal 
juice,  or  succus  entericus. 

It  is  said  to  be  a  yellowish  alkaline  fluid  with  a  specific  gravity  of 
1011,  and  to  contain  about  2.5  per  cent  of  solid  matters  (Thiry). 

l*\inctions, — The  secretion  is  said  to  be  able  to  convert  proteids  into 
peptones,  and  to  convert  starch  into  sugar,  but  the  evidence  in  favor  of 
these  actions  ia  insufficient.     The  chief  function  of  the  juice  is  la  mA 
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apoQ  sugars.  It  posseeses  the  power  of  converting  cane  into  grape 
sagur,  and  maltose  into  glucose.  It  also  contuins  a  milk-curdling  fer- 
ment. 

The  reaction  which  represents  the  conversion  of  cane  sugar  into  grape 
sugar  may  be  represented  thus : 

9C„H„0i,    +    2H,0    =    C.,H»*0»,    +    CnH,*0„ 

The  conversion  is  probably  effected  by  means  of  a  hydrolytic  ferment, 
rtm  (Bernard)* 


Summary  of  the  Digestive  Changes  in  the  Small 
Intestine. 

In  order  to  trnderstaud  the  changes  in  the  food  which  occur  during 

poaaage  through  the  small  intestine,  it  will  be  well  to  refer  briefly  to 

state  in  which  it  leaves  the  stomaeh  through  the  pylorus.     It  has 

m  said  before,  that  the  chief  office  of  the  stomanh  is  not  only  to  mix 

to  an  uniform  mass  all  the  varieties  of  food  that  reach  it  through  the 

phagus,  but  especially  to  dissolve  the  nitrogenous  portion  by  means 

^©f  iU  secretion.     The  fatty  matters,  during  their  sojourn  in  the  stomach, 

become  more  thoroughly  mingled  with  the  other  constituents  of  the 

Jood  taken,  but  are  not  yet  in  a  state  tit  for  absorption.     The  conversion 

starch  into  sugar,  which  began  in  the  mouth,  has  been  interfered 

ith,  if  not  altogether  stopped.     The  soluble  matters— both  those  which 

ere  so  from  the  first,  as  sugar  and  saline  matter,  and  the  gastric  pep- 

nes — have  begun  to  disiippcar  by  absorption  into  the  blood-vessels,  and 

he  same  thing  has  befallen  such  fiuids  as  may  have  been  swallowed. 

The  thin  pultaceous  chyme,  therefore,  which,  during  the  whole  period 

|of  gastric  digestion,  is  being  constantly  squeezed  or  strained  through  the 

loric  orifice  into  the  duodenum,  consists  of  albuminous  matter,  broken 

own,  dissolving  and  half  dissolved;    fatty  matter  broken  down  and 

elted,  but  not  dissolved  at  all;  starch  yery  slowly  in  process  of  con- 

n  into  sugar,  and  as  it  becomes  sugar,  aleo  dissolving  in  the  fluids 

hich  it  is  mixed;  while,  with  these  are  mingled  gastric  fluid,  and 

fluid  that  has  been  swallowed,  together  with  such  portions  of  the  food 

u  are  not  digestible,  and  wilt  be  finally  expelled  as  part  of  the  ffeces. 

On  the  entrance  of  the  chyme  into  the  duodenum,  it  is  subjected  to 
he  influence  of  the  bile  and  pancresitic  juice,  which  are  then  poured  out, 
d  also  to  that  of  the  snccus  entericus.  All  these  secretions  have  a 
Bioro  or  less  alkaline  reaction,  and  by  their  admixture  with  the  gastric 
chyme,  its  acidity  becomes  less  and  less  until  at  length,  at  about  tho 
middle  of  the  small  intestine,  the  reaction  becomes  alkaline  and  contin- 
ues so  as  far  as  the  ileo-csecal  valve. 
2J 
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The  special  digestive  functions  of  the  small  intestine  may  be  taken 
in  the  following  order : — 

(1.)  One  important  duty  of  the  small  intestine  is  the  alteration  of 
the  fat  in  such  a  manner  as  to  make  it  fit  for  absorption;  and  there  is 
no  doubt  that  this  change  is  chiefly  effected  in  the  upper  part  of  the 
small  intestine.  What  is  the  exact  share  of  the  process,  however,  al- 
lotted respectively  to  the  bile  and  to  the  pancreatic  secretion,  is  still  un- 
certain. The  fat  is  changed  in  two  ways,  (a.)  To  a  slight  extent  it 
is  chemically  decomposed  by  the  alkaline  secretions  with  which  it  is 
mingled,  and  a  soap  is  the  result.  (&)  It  is  emulsionized,  i.0.,  its  par- 
ticles are  minutely  subdivided  and  diffused,  so  that  the  mixture  assumes 
the  condition  of  a  milky  fluid,  or  emulsion.  As  will  be  seen  in  the  next 
Chapter,  most  of  the  fat  is  absorbed  by  the  lacteals  of  the  intestine,  but 
a  small  part,  which  is  saponified,  is  also  absorbed  by  the  blood-vessels. 

(2.)  The  albuminous  substances  which  have  been  partly  dissolved  in 
the  stomach,  and  have  not  been  absorbed,  are  subjected  chiefly  to  the 
action  of  the  pancreatic  juice.  The  pepsin  is  rendered  inert  by  being 
precipitated  together  with  the  gastric  peptones  and  proteoses,  as  soon  as 
the  chyme  meets  with  bile.  By  these  means  the  pancreatic  ferment 
trypsin  is  enabled  to  proceed  with  the  further  conversion  of  the  proteo- 
ses into  peptones,  and  part  of  the  peptones  (hemipeptone)  into  leucin 
and  tyrosin.  Albuminous  substances,  which  are  chemically  altered  m 
the  process  of  digestion  (peptones)  and  gelatinous  matters  similarly 
changed,  are  absorbed  by  the  blood-vessels  and  lymphatics  of  the  intes- 
tinal mucous  membrane.  Albuminous  matters,  in  state  of  solution, 
which  have  not  undergone  the  peptonic  change,  are  probably,  from  the 
difficulty  with  which  they  diffuse,  absorbed,  if  at  all,  almost  solely  by 
the  lymphatics. 

(3.)  The  starchy,  or  amyloid  portions  of  the  food,  the  conversion  of 
which  into  dextrin  and  sugar  was  more  or  less  interrupted  during  its 
stay  in  the  stomach,  is  now  acted  on  briskly  by  the  pancreatic  juice  and 
the  succus  entericus;  and  the  sugar  in  the  form  of  glucose  or  of  maltose 
or  of  both  as  it  is  formed,  is  dissolved  in  the  intestinal  fiuids,  and  is 
absorbed  chiefly  by  the  blood-vessels. 

(4.)  Saline  and  saccharine  matters,  such  as  common  salt,  and  cane 
sugar,  if  not  in  a  state  of  solution  beforehand  in  the  saliva  or  other  fiuids 
which  may  have  been  swallowed  with  them,  are  at  once  dissolved  in  the 
stomach,  and  if  not  here  absorbed,  are  soon  taken  up  in  the  small  intes- 
tine; the  blood-vessels,  as  in  the  last  case,  being  chiefly  concerned  in  the 
absorption.  Cane  sugar  is  in  part  or  wholly  converted  into  grape  sugar 
before  its  absorption.  This  is  accomplished  partially  in  the  stomach,  but 
also  by  a  ferment  in  the  succus  entericus. 

(5.)  The  W$'wt^^,  including  in  this  term  the  ordinary  drinks,  as  water, 
wine,  ale,  tea,  etc.,  which  may  have  escaped  absorption  in  the  stomach, 
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are  absorbed  probably  rery  soon  after  their  entrance  into  the  intestine; 
the  fluidity  of  the  contents  of  the  latter  being  preserved  more  by  the 
constant  secretion  of  flnid  by  the  intestinal  glands,  pancreas,  and  liver, 
than  by  any  given  portion  of  fluid  whether  swallowed  or  secreted,  re- 
maining long  unabsorbed.  From  this  fact,  therefore,  it  may  be  gathered 
that  there  is  a  kind  of  circulation  constsmtly  proceeding  from  the  intes- 
tines into  the  blood,  and  from  the  blood  into  the  intestines  again;  for 
as  all  the  flnid — a  very  large  amount— secreted  by  the  intestinal  glands, 
must  come  from  the  blood,  the  latter  would  be  too  much  drained,  ^^ere 
it  not  that  the  same  fluid  after  secretion  is  again  reabsorbed  into  the 
current  of  blood — going  into  the  blood  charged  with  nutrient  products 
of  digestion^ — coming  out  again  by  secretion  through  the  glands  in  a 
comparatively  uncharged  condition. 

At  the  lower  end  of  the  small  intestine,  the  chyme,  still  thin  and 
pultaceons,  is  of  a  light  yellow  color,  and  has  a  distinctly  ftecal  odor. 
This  odor  depends  upon  the  formation  of  indol  and  other  substances  to 
be  again  alluded  to.  In  this  state  it  passes  through  the  ileo-caical  open* 
ing  into  the  large  intestine. 


Summary  of  the  Digestive  Changes  in  the  Lar^e 
Intestine. 


iV  The  changes  which  take  place  in  the  chyme  in  the  larffe  intestine 
■  are  probably  only  the  continuation  of  the  same  changes  that  occur  in 
the  course  of  the  food's  passage  through  the  upper  part  of  the  intestinal 
canal.  From  the  absence  of  villi,  however,  we  may  conclude  that  ab- 
gorption,  especially  of  fatty  matter,  is  in  great  part  completed  in  the 
small  intestine;  while,  from  the  still  half-liquid,  pultaceous  consistence 
of  the  chyme  when  it  flrst  enters  the  caecum,  there  can  be  no  doubt  that 
the  absorption  of  liquid  is  not  by  any  means  concluded.  The  peculiar 
odor,  moreover,  which  is  acquired  after  a  short  time  by  the  contents  of 
the  large  bowel,  would  seem  to  indicate  a  further  chemical  change  in 
the  alimentary  matters  or  in  the  digestive  fluids,  or  both.  The  acid 
reaction,  which  had  disappeared  in  the  small  bowel,  again  becomes  very 
manifest  in  the  ca?cum — probably  from  acid  fermentation  processes  in 
some  of  the  materials  of  the  food. 

There  seems  no  reason  to  conclude  that  any  special  secondary  diges- 
tive  process  occurs  in  the  ceecum  or  in  any  other  part  of  the  large  in- 
testine, Probiibly  any  constituent  of  the  food  which  has  escaped 
digestion  and  absorption  in  the  small  bowel  may  be  digested  in  the  large 
intestine;  and  the  power  of  this  part  of  the  intestinal  canal  to  digest 
fatty,  albuminous,  or  other  matters,  may  be  gathered  from  the  good 
effects  of  nutrient  enemata,  so  frequently  given  when  from  any  cause 
there  is  difficulty  in  introducing  food  into  the  stomach.     In  ordinary 
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Iicalthy  digestion.  b('veT*?r.  •_:!•:  "inz.Z'^  which  ensue  in  the  chyme  after 
its  jiafcjsiigt-  ii.T'..  ihr  iiirr^  ii-frrT^r.  ire  mainly  the  absorption  of  the 
nmrc  li'jV.ir.  ]iLr:-  ::;-  .i,.-!  nnr-i  :.n  of  the  large  intestine  being  to  act 
a<  :i  >•.-•  —  ■:'  :  *  :i.-  --z..::!-.   .z  iigestion  before  their  expulsion  from 

r^=i:.=  c  KEcra-organisms  in  the  Intestines. 

-:^..  ■      :-r  7^^-  ;".Li..'e  iii  the  intestinal  contents  independent  of, 

•--    -■  ■  .-inrrzi.il  tu  the  action  of  the  digestive  ferments. 

—        -  ---    i"-:^-^::  ul-iMit  by  the  action  of  micro-organisms  or 

..      ~     —   -  ::■:  ■  ritr-i  elsewhere  that  the  digestive  ferments  are 

:      -    :  :    ■  rVrments.  so  bacteria  are  examples  of  organized 

:— ::-  =-.        :—•-::.-:?':    iVrmcjits.    of    which   the    yeast    plant,    torula 
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«xi8t  in  the  body  during  life,  chiefly  iu  connection  with  the  mucous 
membranes^  purticukrly  of  the  digestive  tract  These  bacteria  are 
unicellular  organisms,  devoid  of  chlorophyll,  sometimes  called  Jhisiou 
fungi  or  f^chuomt/tefeii.  They  multiply  chiufly  by  division,  but  many  of 
them  also  form  spores— whereaa  the  yenst  cell  multipliee  by  gemmation. 
The  bacteria  are  very  much  smaller  thuii  the  yeast  cells,  being  only 
from  1  to  2/1  in  width.  Morphologicidly  they  are  clasaified  into  i»  nucro- 
meet  or  globular  bacteria,  ii.  bacilli  or  rod-shaped  bacteria,  and  iiL 
ifjnriUa  or  sinuous  bucteria. 

Many  forms  of  bacteria  have  been  isolated  from  the  mouth,  a  few 
varieties  from  the  stomach,  and  a  very  large  number  from  the  intestines. 
It  is  only  in  the  last  named  locality  that  their  multiplication  has  much 
effect  from  a  physiological  point  of  view.  In  the  intestinal  canal  it 
appears  that  certain  changes  occur  which  are  distinctly  due  to  micro- 
organisms; these  changes  are  possibly  kept  within  limits  by  the  presence 
of  bile  in  the  intestine.  The  changes  said  to  be  due  under  ordinary 
eircumstances  are  as  follows:— 

«/.  The  formation  of  indol,  skaiol^  creml  and  phenol,  chiefly  from 
peptone  (?  antipeptone)  in  the  small  intestine,  and  possibly  in  the  large 
intestine  also.  These  substances  are  absorbed  and  excreted  in  the  urine 
as  combined  suliihtites.  In  addition  to  these  as  results  of  decomposition 
of  albuminous  substances,  there  are  many  other  products,  e.g.,  gases,  such 
as  ammonia,  sulphuretted  hydrogen,  volatile  and  fatty  acids,  leucin  and 
ty rosin,  phenyl  acetic,  phenyl-proprionic  and  other  acids. 

■        b.  The  formation  of  iactiv  add  and  hulgrkamd  from  carbo-hydrates. 

"^  This  occurs  in  two  stages,  and  chiefly  results  from  decomposition  of, 
sugars. 

H        €*  The  decomposition  of  rellulose, 

^^^  (C«H,o05  +  H30=3C02+aCH|.) 


Movements  of  the  Intestines. 


It  remains  only  to  consider  the  manner  in  which  the  food  and  the 
several  secretions  mingled  with  it  are  moved  through  the  intestinal 
canah  so  as  to  be  slowly  subjected  to  the  influence  of  fresh  portions  of 
intestinal  secretion,  and  as  slowly  exposed  to  the  absorbent  power  of  all 
the  villi  and  blood-vessels  of  tlie  mucous  membnine.  The  movement  of 
the  intestines  isperifitaltieoT  vermifHhtrjtiud  is  effected  by  the  alternate 
contractions  and  dilatations  of  successive  portions  of  the  muscular  coats. 
The  contractions,  which  may  commence  at  any  point  of  the  intestine, 
extend  in  a  wave-like  manner  along  the  tube.  In  any  given  portion, 
the  longitudinal  muscular  fibres  contract  first,  or  more  than  the  circular; 
they  draw  a  portion  of  the  intestine  upward,  or,  as  it  w^ere,  backward, 
over  the  substance  to  be  propelled,  and  then  the  circular  fibres  of  the 
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same  portion  contractiDg  in  succession  from  above  downward,  or,  as  it 
were,  from  behind  forward,  press  on  the  substance  into  the  ponioa 
next  l»ek'W.  in  wLici*  ai  oiic-e  the  same  succession  of  action  next  ensues. 
These  movt-n-enis  liite  place  sluwly,  and,  in  health,  commonly  give  rise 
TO  L'j  ?t-Laii::-.i:  i-zi  :h^j  are  perceptible  when  thev  are  accelerated 
tLirr  :Lr  ii^-ri.:-^  of  anv  irritant.  The  movements  of  the  intestine^ 
LTr  s-.-iLt-ri^irr  rrirozrade:  and  there  is  no  hindrance  to  the  back  war*] 
ii:Tri::rL7  if  tLt  'Z'ZLivziis  of  iho  suiall  intestine.  But  almost  eomplett^ 
sr-.  iriTT  ir  uf.Tii'l  upiinst  the  passage  of  the  contents  of  the  large  into 
Tir  fr:iu^  LLT-r-sTiLe  bv  the  ileo-cstcal  valve.  Besides, — the  orifice  of 
:  TLn-LiitjTiiL  r-etween  tiie  ileum  and  ca-cum  fat  the  borders  of  which 
ini  -T  -."t  Tie  ioAs  of  mucou?  membrane  which  form  the  valve)  is  eu- 
:.r:!-I  w::i.  musoular  fibr^.s.  the  contraction  of  which  prevents  the 
11.  Lz-  ::1j ration  of  the  orili».e. 

Pr.'.ee*i:::g  from  above  d'lwnwanl.  the  muscular  fibres  of  the  large 
:-:-r?::r.r  b«e?ome.  on  the  whoU-,  Fironger  in  direct  proportion  to  the 
jrttA:cr  strei.Lth  required  for  tiie  ouwanl  niMving  of  the  faces,  which  are 
in"ji'-.illv  L-eooming  firmer.  The  zreate.st  strength  is  in  the  rectum,  at 
:hr  T-rniinarion  of  whioh  the  cip:ul;ir  unstrii>ed  muscular  fibres  form  a 
s:r':-::g  band  called  the  inffruaf.  sphincter:  while  an  f:J'ternal  sphincter 
nus.-Ie  with  strijied  fibres  is  placed  rather  luwer  down,  and  more  ex- 
icmiklly.  and  as  we  have  seen  above,  liolds  the  orifice  close  by  a  con- 
star.:  sliirht  t'.inic  contraction. 

ExprrinK-nial  irritatinn  of  the  !«rain  or  cord  produces  no  evident  or 
>:r.?:a:::  erfert  on  tlie  niuvemeni-  of  tiie  ir.testines  during  life;  yet  in 
•>::.sc'/.ifT.re  of  certain  niei.tal  •■■.liditions  tiie  movements  are  accelenUod 
■.r  retarded:  and  in  prmijilegia  tiie  iriiefftines  appear  after  a  time  much 
-rjuk^'i-ed  in  tlieir  pnwi.r,  and  costivt-ness,  with  a  tympanitic  condition, 
5Z^-rs.  Srinuilation  of  pneuui'-gastrii^  nerves,  if  not  too  strong,  induces 
i:rL-::ie  j'eristalti"  nioveuient^  ».'i  liie  intestine.-.  Violent  irritation 
•t/rs  the  ni'jvenieiiiS. 

Izaucnce  of  the  Nervous  System  on  Intestinal  Dig^estion. 

As  in  the  case  of  the  o-S'-phamis  and  stomach,  the  peristaltic  move- 
Tn=!its  of  the  ii.testiiies  may  bt.-  directly  set  up  in  the  muscular  fibres  by 
"IIS  TiTrsence  of  oiiyme  aotiiig  as  tlit-  stimulus.  Few  or  no  movements 
•ffMr  fher.  tiio  in  re-tines  are  empty.  The  intestines  are  connected 
w.:r  :ii^r  •.'tr.tral  nervous  system  injth  by  the  vagi  and  by  the  splanchnic 
*;rn!i>  *e  w».-il  :is  by  otiier  braiiehes  of  the  sympathetic  which  come  to 
•her  irim  the  co-liao  anil  otiier  ai-d'.iminal  plexuses. 

T"c.  T^ations  of  these  nerves  re-{ie<.tivtly  to  the  movements  of  the 
ittK*iie  :uid  the  secret ior.s  are  proijably  tiie  same  as  in  the  case  of  the 
'v  treated  of. 
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Duration  of  JnteMfinai  DitjedlofL — The  time  occupied  by  the  journey 
of  a  given  portion  of  food  from  the  stomach  to  the  anus,  varies  consid- 
erably  even  in  health,  and  ou  this  account  probably  it  is  that  such  dif- 
ferent opinions  have  been  expressed  in  regard  to  the  subject.  About 
twelve  hours  are  occupied  by  the  journey  of  an  ordinary  meal  through 
the  smaJ}  intestine,  and  twenty-four  to  thirty-six  hours  by  the  passage 
through  the  large  boweL 

The  contents  of  the  large  intestine,  ag  they  proceed  toward  the  rec- 
tum, become  more  and  more  solid,  and  losiug  their  more  liquid  and 
nutrient  parts,  gnuluaUy  acquire  the  odor  and  consistence  characteristic 
ot/m<m.  After  a  sojourn  of  uncertain  duration  iu  the  sigmoid  flexure 
of  the  colon,  or  in  the  rectnra,  they  are  finally  expelled  by  the  act  of 
defecation. 

The  average  quantity  of  solid  fiecal  matter  evacuated  by  the  human 
adnlt  in  twenty-four  hours  is  about  six  or  eight  ounces. 


Composition  of  F-eces. 

The  amount  of  water  varies  considerably,  from  68  to  82  per  cent  and 
upward.     The  following  table  is  about  an  average  composition  * — 


Water 

Solids,  comprising: 

a.  Insoluble  residues  of  the  food,    uncooked  starch, 

cellulose,  wotKly  tibre«.  cartilage,  seldom  m«8- 
cular  fibres  and  other  proteids,  fat,  cholejJtenn, 
homy  matter,  and  iiiueiu      .         .         .         ,         . 

b.  Certain  »ubsUmce@  resultiDf?  from   deeonipositiott 

of  foods,  indol,  skatc^il,  fatty  and  other  acids, 
calcium  and  magnesium  fttxapi 

c.  Special    excreinenlitiftus     conKtit\ienta  ; — Excretin, 

excretoleic  acid  (Marcet) ,  and  stercorin  (Austin 
Flint)      .,,/.,... 

d.  Salt** :— -Chiefly  phosphate  of  magnesium  and  phoe- 

phat^  of  calcium,  with  small  quantities  of  iron, 
Boda.  lime,  and  dlica        .         ,         .         ,         . 

e.  Insoluble  substances  accidentally  introduced  with 

the  food  .....*.. 

f.  Mucus,  epitheliunip  altered  coloring  matter  of  bile. 

fatty  acids,  etc.  .  »         .         . 

g.  Varying  t|uaDtities  of  other  constituents  of  bile,  and 

derivativee  from  them 


733.00 


2*17.  no 


1000.00 


The  6m€8  mniaimd  in  the  Siommh  and  Intestines, — Under  ordi- 
nary circumBtances,  the  alimentary  canal  contains  a  considerable  quan- 
tity of  gaseous  matter.  Any  one  who  has  had  occasion^  in  a  post-mortem 
examination,  either  to  lay  open  the  intestines^  or  to  let  out  the  gas 
which  they  contain,  must  have  been  struck  by  the  small  space  afterward 
occupied  by  the  bowels,  and  by  the  large  degree,  therefore,  m  which  the 
gas^  which  naturally  distends  them,  contributes  to  fill  the  cavity  of  the 
abdomen.     Indeed,  the  presence  of  air  in  the  intestines  is  so  constant, 
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and^  within  certain  limits,  the  amount  in  health  so  uniform,  that  tbeie 
can  be  no  doubt  that  its  existence  here  is  not  a  mere  accident^  bat  in- 
tended to  serve  a  definite  and  important  purpose,  although,  probably,  a 
mechanical  one. 

Sources, — The  sources  of  the  gas  contained  in  the  stomach  and  bowek 
may  be  thus  enumerated : — 

1.  Air  introduced  in  the  act  of  swallowing  either  food  or  saliva;  %, 
Gases  developed  by  the  decomposition  of  alimentary  matter,  or  of  the 
secretions  and  excretions  mingled  with  it  in  the  stomach  and  intestines; 
3.  It  is  probable  that  a  certain  mutual  interchange  occurs  between  the 
gases  contained  in  the  alimentary  canal,  and  those  present  in  the  blood 
of  these  gastric  and  intestinal  blood-vessels;  but  the  conditions  of  the 
exchange  are  not  known,  and  it  is  very  doubtful  whether  anything  like 
a  true  and  definite  secretion  of  gas  from  the  blood  into  the  intestines  or 
stomach  ever  takes  place.  There  can  be  no  doubt,  however,  that  the 
intestines  may  be  the  proper  excretory  organs  for  many  odorous  and 
other  substances,  either  absorbed  from  the  air  taken  into  the  lungs  in 
inspiration,  or  absorbed  in  the  upp.er  part  of  the  alimentary  canal,  again 
to  be  excreted  at  a  portion  of  the  same  tract  lower  down — in  either  case 
assuming  rapidly  a  gaseous  form  after  their  excretion,  and  in  this  way, 
perhaps,  obtaining  a  more  ready  egress  from  the  body.  It  is  probable 
that,  under  ordinary  circumstances,  the  gases  of  the  stomach  and  intes- 
tines are  derived  chiefly  from  the  second  of  the  sources  which  has  been 
enumerated. 

Composition  of  Gases  of  the  Alimentary  Canal. 

{Tabulated  from  various  authorities  hy  Brinton.) 


Whence  obtaine<i. 


Stomach 

Small  Intestines 

Caecum 

Colon     . 

Rec'tum 

Expelled  per  anum 


Composition 

by  Volume 

Oxypren. 
11 

Nitroj?. 

Carbon. 
Acid. 

Hydrog. 

Carburet. 
Hydrogen. 

Sulphurei. 
Hydrofren. 

71 
82 
67 
35 
46 
22 

14 
30 
12 
51 
43 
40 

4 

88 
8 
6 

19 

13 

8 

11 

19 

y  trace, 
i 

The  above  table  differs  little  from  the  average  obtained  by  more 
modern  observers,  but  it  emits  an  important  point  to  which  attention 
should  be  drawn,  viz.,  that  the  amounts  of  the  gases  vary  with  the  diet 
For  all  practical  purposes  oxygen  and  sulphuretted  hydrogen  may  be 
omitted.  An  analysis  of  the  intestinal  gases  (Ruge,  copied  by  Hallibur- 
ton) in  man  is  as  follows : — 
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Q«9m, 


dioxide  . 
Ijdrogen 
"^Cnrburetted  hydrogen 
l^iUxigen  . 


MUk    Diet, 

9  to  to 

43  to  54 

0.9 
30  to  38 


M««t  ]>iet. 


4  to  13 

0.7  to3 
li6  to  37 
45  to  U 


Vegetable    Diet. 


21  to  34 
1.3  to  4 
44  to  55 
10  to  19 


t    Sources  of  the  Carbon  Dioxide, — From  the  carbonates  and  lactates  in 
ood;  from  alcoholic  fermentation  of  sugar;  from  putrefaction  of  car- 
^ohjdratea  and  proteide;  and  from  butyric  acid  fermentation. 
Sourceif  of  the  Hydrogen. — From  butyric  acid  fermentations  of  lactic 
<;id — 


tjactlc  Acid.  Butyric  Acid. 


Defecation. 


Soura  of  the  Carbu relied  Il(/dro(fefh^-From  the  decomposition  of 
acetates  and  lactates  and  from  celiuiose  (C*  Hio  O5  +  11a  0  =  3  C02  + 
3  CH4). 

Source  ofihe  Niiiogen* — ^The  nitrogen  is  derived  from  the  swallowed 

r 

■  The  act  of  the  erpulaion  of  fteees  is  in  part  due  to  an  increased  reflex 
Vp^nstaltie  action  of  the  lower  part  of  the  large  intestine,  namely  of 
the  sigmoid  fleinre  and  rectum,  and  in  part  to  the  more  or  less  volun- 
tary action  of  the  abdominal  muscles.  In  the  case  of  active  voluntary 
efforts,  there  is  usually,  first  an  inspiration,  as  in  the  case  of  coughing, 
sneezing,  and  vomiting;  the  glottis  is  then  closed*  and  the  diaphragm 
fixed-  The  abdominal  muscles  are  contmcted  as  in  expiration ;  hut  as 
the  glottis  is  closed,  the  whole  of  their  pressure  is  exercised  on  the  ab- 
dominal contents.  The  sphincter  of  the  rectum  being  relaxed,  the  evac- 
uation of  its  contents  takes  place  accordingly;  the  effect  being,  of  coarse, 
increased  by  the  peristaltic  action  of  the  intestine.  As  in  the  other 
actions  just  referred  to,  there  is  as  much  tendency  to  the  escape  of  the 

(contents  of  the  lungs  or  stomach  as  of  the  rectum;  but  the  pressure  is 
relieved  only  at  the  orifice,  the  sphincter  of  which  instinctively  or  in- 
voluntarily yields. 
Nervous  Mechanism, — The  anal  sphincter  muscle  is  normally  in  a 
state  of  tonic  contraction.  The  nervous  centre  which  governs  this  con- 
traction 18  probably  sitmited  in  the  lumbar  region  of  the  spinal  cord,  in- 
asmuch aa  incases  of  division  of  the  cord  above  this  region  the  sphincter 
regains,  after  a  time,  to  some  extent  the  tonicity  which  is  lost  immedi- 
ately after  the  operation.  By  an  effort  of  the  will,  acting  through  the 
centre,  the  contraction  may  be  relaxed  or  increased.  In  ordinary  cases 
the  apparatus  is  set  in  action  by  the  gradual  accumulation  of  fa&ces  in 
the  sigmoid  flexure  and  rectum,  pressing  by  the  peristaltic  action  of 
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these  parts  of  the  large  intestine  against  the  sphincter,  and  causing  Vj 
reflex  action  its  relaxation;  this  sensory  impulse  acting  through  tb 
brain  and  reflexly  through  the  spinal  centre.  At  the  same  time  that 
the  sphincter  is  inhibited  or  relaxed,  impulses  pass  to  the  muscles  of  the 
lower  intestine  increasing  their  peristalsis,  and,  if  necessary,  to  the  ab- 
dominal muscles  as  well.    The  action  of  the  centre  is  therefore  double 


CnAPTER  IX 


ABSORPTION. 

Absorption  is  genenilly  considered  to  consist  of  two  processes;  the 
Irst.  having  for  its  object  the  introduction  into  the  blood  of  freeh  mate- 
iaU  and  which  is  called  absorption  from  without,  take**  pUice  chietly 
from  the  alimentjiry  canal*  and  to  a  less  extent  from  the  skin  and  hings; 
the  second,  having  for  its  object  tho  gradual  removal  of  parts  of  the 
body  itself  when  they  need  removal,  is  called  absorption  from  within^ 
id  takes  place  everywhere  within  the  tissues  of  the  body. 
The  conditions  of  absorption  from  the  alimentary  canal  which  may 
taken  as  an  example  of  the  first  of  these  processes  are  the  following: 
Ion  one  side  is  a  fluid  containing  matters  which  have  been  so  acted  upon 
jy  the  digestive  juices  as  to  be  in  a  flt  condition  to  be  absorbed.     On 
Ithe  other  aide  are  blood-capillaries  \md  citpillaries  of  the  lymphatic  sys- 
tem, and  separatius:  the  two  are  epithelium  and  connective  tissue,  ns 
rell  aa  the  endothelium  of  the  vessels  themselves.    The  problem  which 
to  be  considered   is,  how   does  the   fluid  on  the  one  side  of  the 
Forgnnic  membrane  reach  the  blood  or  lymphatic  vessel  ?     Until  within 
recent  date  it  wa«  assumed  that  the  passage  of  the  fluid  from  one  side 
of  this  membrane  to  the  other  came  about  solely  by  definite  physical 
I      laws,  and  these  were  practically  independent  of  the  vital  condition  of 
Bihe  tissues.     In  the  first  place,  it  was  taught,  came  in  osmosii(,  the  pas- 
^nage  of  fluids  through  an  animal  membrane,  which  occurs  independent 
^pof  vital  conditions,  and  in  the  next  place  cume  m  Jiifntiiofi,  the  passage 
of  fluids  through  the  pores  of  a  membrane  under  pressure.     It  is  now 
believed,  however*  that  there  is  another  factor  concerned  in  absorption, 
viz.,  the  vital  and  selective  action  of  the  epithelium,  and  possibly  of  tho 
tissue  which  separates   the  fluid   to  be  absorbed,  from  the  blood  and 
lymph  stream.     About  this  vital  action  of  the  epithelium   very  little 
definite  is  known,  but  the  mere  fact  that  fats  are  principally  absorbed 
in  one  part  of  the  intestine,  and  as  we  shall  see  pass  throiigli  the  cells 
^of  the  intestinal  villi,  is  some  evidence  in  its  favor.     It  will  be  as  well 
^mio  consider  briefly  the  two  physical  processes  of  osmosis  and  flltration. 


Methods  of  Absorption. 

I, — The  phenomenon  of  the  paaaage  of  fluids  through  animal 

^nemhrane,  which  occurs  quite  independently  of  vital  conditions,  was 

first  demonstrated  by  Dutrochet.     The  instrument  which  he  employed 
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in  his  experiments  was  named  an  endosmometer.     One  form  of  tbig, 
represented  in  the  figure,  consists  of  a  graduated  tube  expanded  into  m 
open-mouthed  bell  at  one  end,  over  which  a  portiou  of  membrane  ia 
tied.     If  the  bell  be  filled  with  a  solution  of  a  salt — say  sodium  chloride, 
and  be  immersed  in  water,  the  water  will  pass  into  the  solution,  and 
part  of  the  salt  will  pass  out  into  the  water;  the  water,  however,  vill 
pass  into  the  solution  much  more  rapidly  than  the  salt  will  pass  out  into 
the  water,  and  the  diluted  solution  will  rise  in  the  tube.     It  is  to  thU 
passage  of  fluids  through  membrane  that  the  term  osmosis  is  applied. 
The  nature  of  the  membrane  used  as  a  septum,  and  its  affinity  f(ff 
the  fluids  subjected  to  experiment  have  an  important  influ- 
ence, as  might  be  anticipated,  on  the  rapidity  and  dnra- 
tion  of  the  osmotic  current.     Thus,  if  a  piece  of  ordinary 
bladder  be  used  as  the  septum  between  water  and  alcohol, 
the  current  is  almost  solely  from  the  water  to  the  alcohol, 
on  account  of  the  much  greater  afiSnity  of  water  for  thii 
kind  of  membrane;  while,  on  the  other  hand,  in  the  case 
of  a  membrane  of  caoutchouc,  the  alcohol,  from  its  greater 
affinity  for  this  substance,  would  pass  freely  into,  the  water. 
Absorption  by  blood-vessels  is  the  consequence  of  their 
walls  being,  like  the  membranous  septum  of  the  endosmo- 
meter, porous  and  capable  of  imbibing  fluids,  and  of  the 
blood  being  so  composed  that  most  fluids  will  mingle  with 
it.     Thus  the  relation  of  the  chyme  in  the  stomach  and 
intestines  to  the  blood  circulating  in  the  vessels  of  the 
gastric  and  intestinal  mucous  membrane  is  evidently  jnst 
that  which  is  required  for  osmosis.     The  chyme  contains 
Fig.  262.         substances  which   have  been   so  acted  upon    by   the  di- 
gestive  juices  as  to  have  become  quite  able  to  pass  through 
an  animal  membrane,  or  to  dialyze  as  it  is  called.     The  thin  animal 
membrane  is  the  coat  of  the  blood-vessels  with  the  intervening  mucous 
membrane.     The  nature  of  the  fluid  within  the  vessels,  the  very  feeble 
power  of  dialyzation  which  the  albuminous  blood  possesses,  determines 
the  direction  of  the  osmotic  current,  viz.,  into  and  not  out  of  the  blood- 
vessels.    Th?  current  is  of  course  aided  by  the  fact  of  the  constant 
change  in  the  blood  presented  to  the  osmotic  surface,  as  it  rapidly  circn- 
lates  within  the  vessels.     As  a  rule  the  current  is  from  the  stomach  or 
intestine  into  the  blood,  but  the  reversed  action  may  occur,  when,  for 
example,  sulphate  of  magnesia,  is  taken  into  the  stomach,  in  which  case 
there  is  a  rapid  discharge  of  water  from  the  blood-vessels  into  the  ali- 
mentary canal  resulting  in  purgation.     The  presence  of  various  sub- 
stances in  the  food  has  the  power  of  diminishing  the  rate  of  absorption, 
their  influence  is  probably  exerted  upon  the  membrane,  diminishing  its 
power  of  permitting  osmosis.     Whereas  the  presence  of  a  little  hydro- 
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^fchloric  acid  iu  the  contents  of  the  stomach  appears  to  determine  the 

^KUrectioQ  of  the  osmosiBy  or  at  any  rate  to  diminish  or  prevent  exoamosis. 

H       The  conditions  for  osmosis  exist  not  only  in  the  alimentary  mucous 

^■nemhrane,  but  also  in  the  serous  cavities  and  the  tigeiies  elsewhere, 

H       Various  subatances  have  been  classified  according  to  the  degree  in 

which  they  possess  the  property  of  passing,  when  in  a  state  of  solution 

in  water,  through  membrane;  those  which  puss  freely,  inasmuch  as  they 

are  usually  capable  of  crystallization,  being  termed  cn/j^kdloids,  and  those 

which  pass  with  difficulty,  on  account  of  their  physically^  glue-like  char- 

I actor,  colloids. 
This  distinction,  however,  between  colloids  and  crystalloids  which 
ia  made  the  basis  of  their  clussilication,  is  by  no  means  the  only  ditler- 
ence  between  them.  The  colloids,  besides  the  absence  of  power  to  assume 
A  crystalline  form,  are  characterized  by  their  inertness  us  acids  or  bases, 
and  feebleness  in  all  ordinary  chemical  relations.  Examples  of  them 
are  found  in  albumin,  gelatin,  starch,  hydrated  alumina,  hyd rated  silicic 
acid,  etc. ;  while  the  crystalloids  are  characterized  by  t|oalitie8  the  reverse 
of  those  just  mentioned  as  belonging  to  colloids.  Alcohol,  sugar,  and 
ordinary  saline  substances  are  examples  of  crystalloids. 

Filtralion,  or  transudation,  means  the  passage  of  fluids  through  the 
pores  of  a  membmne  under  pressure*  The  greater  tliu  pressure  the 
greater  the  amount  which  passes  through  the  membrane.  Colloids  will 
filter,  although  less  easily  than  crystalloids.  The  nature  of  the  substance 
to  be  filtered  and  the  nature  of  the  membrane  w*hich  acts  as  the  filter 
materially  affect  the  activity  of  the  process.  No  doubt  both  osmosis 
and  filtration  go  on  together  in  the  process  of  absorption.  An  excellent 
example  of  fillnition  or  transudation  occurs  in  the  pathological  condition 
known  as  dropsy,  in  which  the  connective  tissues  become  infiltrated 
with  serous  fluid.  The  fluid  passes  out  of  the  vein  when  the  intra-ven- 
ous  pressure  passes  a  certain  point,  the  fluid  being,  as  it  w^ere,  squeezed 
through  the  walls  of  the  vessels  by  this  excess  of  pressure* 

liapidittf  af  Abmrpl ton,— The  rapidity  with  which  matters  may  be 
absorbed  from  the  stomach,  probably  hy  the  blood-vessels  chiefly,  and 
diffused  through  the  textures  of  the  body,  has  been  found  by  experiment. 
It  appears  that  lithium  chloride  may  be  diffused  into  all  the  vascular 
textures  of  the  body,  and  into  some  of  the  non-vascular,  as  the  cartilage 
of  the  hip- joint,  as  well  as  into  the  aqueooa  humor  of  the  eye,  in  a  quar- 
ter of  an  hour  after  being  given  on  an  empty  stomach.  Into  the  outer 
part  of  the  crystalline  lens  it  may  pass  after  a  time,  varying  from  half 
an  hour  to  an  hour  and  a  half.  Lithiom  c^irbonate,  when  taken  in  five 
ar  ten-grain  doses  on  an  empty  stomach,  may  bo  detected  in  the  urine 
in  5  or  10  minutes;  or,  if  the  stomach  be  full  at  the  time  of  taking  the 
dose,  in  20  minutes.  It  may  sometimes  be  detected  in  the  urinej  more- 
over, for  six,  seven,  or  eight  days. 
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Some  experiments  on  the  absorption  of  various  mineral  and  vegeu*  J 
bl©  poisons,  have  brought  to  light  the  singular  fact,  that,  in  some  cu^  I 
absorption  takes  place  more  rapidly  from  the  rectum  than  from  tk 
stomach.  Strychnia,  for  example,  when  in  solution,  produces  its  poi- 
sonous effects  much  more  speedily  when  introduced  iuto  the  rectna 
than  into  the  etomach.  When  introduced  in  the  solid  form,  hawfrtr, 
it  Ik  absorbed  more  rapidly  from  the  stomach  than  from  the  rectum^ 
doubtless  because  of  the  greater  solvent  property  of  the  secretion  of  the 
former  than  of  the  latter, 

Condii  tons  for  Absorpfion.-^\,  The  diffusibility  of  the  substance  U) 
be  absorbed  is  one  of  the  chief  conditions  for  its  absorption — ^a  col- 
loid, as  we  have  seen,  dialyzes  very  little*  It  mnst  be  also  iji  the  litpM  at 
gaseous  state.  Mercury  may,  however,  be  absorbed  even  in  the  metallic 
state;  and  in  that  state  may  pass  into  and  remain  in  the  blood-vesstk 
or  be  deposited  from  them;  and  such  substances  as  exceedingly  fineh- 
divided  charcoal,  when  taken  into  the  alimentary  canal,  have  been  found 
in  the  mesenteric  veins.  Oil,  minutely  divided,  as  in  au  emulsion,  will 
pass  slowly  into  blood-vessels,  as  it  will  through  a  filter  moistened  with 
water;  and,  without  doubt,  fatty  matters  find  their  way  into  the  blood- 
vessels as  well  as  into  the  lymph -vessels  of  the  intestinal  canal. 

2.  [The  less  iknse  the  Jfnid  to  be  absorbed,  the  more  speedy,  as  a  gen- 
eral rule,  is  its  absorption  by  the  living  blood- vesaels*  Hence  the  rapid 
absorption  of  water  from  the  stomach;  also  of  weak  saline  solutions;  but 
with  strong  solutions,  there  appears  less  abaorption  into,  than  effusion 
from,  the  blood-vessels. 

3.  The  absorption  is  tJie  less  rapid  the  fHlIer  and  fe?iser  the  blaad-veJh 
sels  are;  and  the  tension  may  be  so  great  as  to  hinder  altogether  the 
entrance  of  more  fluid.  Thus,  if  water  is  injected  into  a  dog's  reins  to 
repletion,  poison  is  absorbed  very  slowly ;  but  when  the  tension  of  the 
vessels  is  diminished  by  bleeding,  the  poison  acts  quickly.  So,  when 
cupping-glasses  are  placed  over  a  poisoned  wound,  they  retard  the  ab- 
sorption of  the  poison  not  only  by  diminiBhing  the  velo^iity  of  the  cir- 
culation in  the  part,  but  by  filling  all  its  vessels  too  full  to  admit  more, 

4.  On  the  same  ground,  absorption  is  the  r/uieker  the  more  rapid  th 
eircjdation  of  the  blood;  not  because  the  fluid  to  be  absorbed  is  more 
quickly  imbibed  into  the  tissues,  or  mingled  with  the  blood,  but  becaase 
as  fast  as  it  enters  the  blood,,  it  is  carried  away  from  the  part,  and  the 
blood  being  constantly  renewed,  is  constantly  as  fit  as  at  the  first  for 
the  reception  of  the  substance  to  be  absorbed. 

These  four  conditions  are  pbysicab  but  (5)  the  vital  condition  of  the 
absorptive  epithelium  must  not  be  forgotten.  It  has  been  shown,  for 
example,  that  the  absorption  by  the  frog's  skin  is  hastened  by  alcohol 
and  retarded  by  chloroform.  It  appears  also  that  absorption  is  retarded 
rather  than  hastened  by  removal  of  the  intestinal  epithelium. 
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The  Lymphatic  System. 

Having  now  discussed  the  methods  and  conditions  of  absorption  in 

leral,  we  must  next  turn  to  the  system  of  vessels  in  which,  on  the 

le  band,  materials  of  the  food  not  taken  directly  into  the  blood-vessels 

>f  the  alimentary  canal  are  received  and  carried  into  the  blood-stream; 

iDd,  on  the  other,  fluid  which  has  exuded  from  the  blood-veaaels  into  the 
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LyiDphatScff  of  Umvr  az* 
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Ftff.  9S1— Diagram  of  tho  pdiiictpal  groups  of  Lymphatic  reaaels  Cfrom  Quain), 

tissues  is  gathered  up  and  carried  back  again  into  the  blood*  This  sys- 
tem of  vessels  is  called  the  Lymphatic  System^and  the  vessels  themselves 
are  named  Lymphatics  or  Absorbents*  They  have  often  been  incidentally 
mentioned  in  former  chapters. 

The  principal  vessels  of  the  lymphatic  system  are,  in  structure  and 
general  appearance,  like  very  small  and  thin-walled  veins.  They  are 
provided  with  valves.  They  commence  in  fine  microscopic  lymph-cap'' 
iUaries,  in  the  organs  and  tissues  of  the  body,  and  they  end  directly  or 
indirectly  in  two  trunks  which  open  into  the  large  veins  near  the  heart 
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(fig*  2G3),  The  fluid  which  they  contain,  unlike  the  blood,  passes  onlj 
in  one  direction »  namely,  from  the  fine  branches  to  the  trunk  and  so  U 
the  krge  veins,  on  entering  which  they  are  mingled  with  the  stream  nf 
blood  and  form  part  of  its  constituents.  The  course  of  the  flnid  in  tbt 
lymphiitic  vessels  is  always  toward  the  large  reins  in  the  neighborhfXMi 
of  the  heart,  and  in  fig*  263  the  greater  part  of  the  contents  of  the  Irm- 


Fir  ae^ 


phaUc  flpctem  of  Temels  will  be  seen  to  pas  throogli  a  oomparatiTell 
krgt  truik  faDed  the  ii»rmcie  dmct^  which  finallj  emptieB  its  oc 
into  the  Uood-^tnaai,  at  tlie  joBfllioii  ol  the  interaal  jogiilar  m 
ckYiiA  Teiias  of  the  left  side.  Then  is  a  aaiilkr  daoi  on  the  right  ade. 
The  hrmphatic  Teesele  of  the  intestizial  cemt  wecaUed  UkieaU, becMM 
dohnf  di^geitioii  the  faid  contained  m  them  raeemhlat  miUc  in  appei^ 
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lance;  and  the  lymph  in  the  lacteals  during  the  period  of  digestion  is 
I  called  chyle^  There  is  no  essential  distinction,  however,  between  iacteals 
^and  lymphaitcs.  In  some  parts  of  its  course  the  lymph-stream  most 
pass  through  lymphatic  glands. 

Lymphiitic  vessels  are  distributed  in  nearly  all 
parts  of  the  body*  Their  existence,  however,  has 
not  yet  been  determined  in  the  plucenta,  the  um- 
bilical cord,  the  membranes  of  the  ovum,  or  in 
any  of  the  so  ailled  n on- vascular  parts,  as  the 
nails,  cuiicle>  hair,  and  the  like. 

Origin  of  Lymph  CapiUanes.^The  lymphatic 
CJipillaries  commence  most  commonly  either  {a) 
in  closely  meshed  networks,  or  (b)  in  irregular 
laconar  spaces  between  the  various  structures  of 
which  the  different  organs  are  composed.  Such 
irregular  spticcs,  forniiog   what   is   now    termed 


n^m 


\ 


I 


Fig.m, 


Fig-  3»7, 


F1^.  iMO.--SuperflotBl  Ijmph&tks  of  the  forearm  and  poJm  of  the  band,  J.— 5.  T*wo  amnJl  glimdB 
At  the  bend  Ckf  the  ftrm.  6.  Radial  lymphatic  v<^i8«kU&.  7.  Ulnar  lympliaHc  vessels,  i^,  H.  Falmiu* 
mrch  of  tymphatica.  9.  9'.  Ciuter  and  fiuier  sets  of  remels.  h.  Cepbalk  vein.  rf.  RadJoJ  Teln. 
#.  Median  ▼ein,   /.  Ulnar  vdn-    The  lympbatica  are  repi«Mited  as  lyiagr  on  th«  de«p  fasda. 

Fte.  aW— Lymphiitlca  of  etfotriit  r*.ridon  of  rabbtra  dlaphrnpni .  Rtaiiied  with  silver  nitrate.  The 
grtrixna  subtrtatioe  hmt  btfii  ehiujt'd  dia^ainnmtlcayy  to  briujc  out  tho  Ij-mphath^  rlearly.  I.  hym- 
^atlci  lined  hy  lon^  Darrow  endorheliuJ  cella.  and  shoi^iog  v.  vaJvtja  at  frequent  intervals,  c^ho^ 


the  lymph-canulicular  system,  have  been  shown  to  exist  in  many  tis- 
Bues-  In  serous  niembnines  snch  as  the  omentum  and  mesentery  they 
occnr  as  a  connected  system  of  very  irregular  branched  spaces  partly 
occupied  by  connective  tissiie-corpuscles,  and  both  in  these  and  in  many 
pother  tiasues  are  found  to  communicate  freely  with  regnlar  lymphatic 
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vessels.  In  many  cases,  though  they  are  formed  raostly  by  the  chinki  1 
and  crannies  between  the  blood- veBsels,  secreting  ducts,  and  other  jmu 
which  may  hiippen  to  form  the  fniinework  of  the  orgun  in  which  the? 
exist,  they  are  lined  by  a  distinct  layer  of  endotheliuin. 

The  lacteals  offer  an  illustration  of  another  mode  of  origin,  n&melj, 
(r)  in  blind  dilated  extremities;  but  tliore  is  no  essential  difference  in 
structure  between  these  and  the  lymphatic  capillaries  of  other  parta. 

Sinitiure  of  Lymph  Capillaries. — The  structure  of  lymphatic  capil- 
laries is  very  similar  to  that  of  blood-capillaries :  their  walls  consist  of 
a  single  layer  of  clongiited  endothelial  cells  with  sinnous  outline,  which 
cohere  along  their  edges  to  form  a  delicate  membrane.  Tbey  difer 
from  blood  capillaries  mainly  in  their  larger  and  very  variable  calibre, 
and  in  their  numerous  communications  with  the  spaces  of  the  lymph- 
can  alicular  system,  ■ 

Com muHicai ions  of  the  Ltfrnphatics.— The  fluid  part  of  the  blood 
constantly  exudes  from  or  is  strained  through  the  walls  of  the  blood* 
capillaries,  so  as  to  moisteu  all  the  surrounding  tissues,  and  occupies 
the  intei*spaces  which  exist  among  their  different  elements,  which  form 
the  beginnings  of  the  lymph-capillaries;  and  the  latter,  therefore,  are  the 
means  of  collecting  the  exuded  blood  plasma,  and  returning  that  part 
which  is  not  directly  absorbed  by  the  tissues  into  the  blood -stream,  it 
is  not  tieceaeary  to  assume  the  presence  of  any  special  channels  between 
the  blood  and  lymphatic  vessels,  inasmuch  as  even  blood-corpuscles  can 
pass  bodily,  without  much  ciifticulty,  through  the  walls  of  the  bJood- 
eapillaries  and  small  veins,  and  could  pass  with  still  less  trouble,  proba- 
bly, through  the  comparatively  ill-defined  walls  of  the  ciipillaries  which 
contain  lymph. 

It  has  been  already  mentioned  (p.  29)  that  in  certain  parts  of  the 
body,  sUmiaia  exist,  by  which  lymphatic  capilhiries  directly  communi- 
cate with  parts  hitlicrto  supposed  to  be  closed  cavities. 

Stomata  have  been  found  in  the  pleura;  and  as  they  may  be  pre- 
sumed to  exist  in  otbcr  serous  membranes,  it  would  seem  as  if  the  serong 
cavities,  hitherto  supposed  closed,  form  but  a  large  lymph-sinus  or 
widening  out,  so  to  speak,  of  the  lymph-capillary  system  with  which 
they  directly  comnuinicate* 

When  absorption  into  the  lymphatic  system  takes  place  in  mem- 
branes covered  by  epithelium  or  endothelium  through  the  interstitial  or 
intercllular  cement-substance,  it  is  said  to  take  place  through  psendiy- 
sionufta^  already  alluded  to  (p*  30), 

Demonstration  of  Lifmplmttm  of  Dinphragm. — The  stomata  on  the  peritoneal 
aiirfare  <if  the  diaphragm  are  tJie  openings  of  short  vertical  canals  which  lead 
up  into  the  lynipliaticst  ami  are  iined  by  cells  like  thfjse  of  germinating  endo 
the  Hum.     By  introduein^;:  a  sulutiou  of  Berlin   blue  into  the  peritoneal  cavity 

ao  animal  shortly  after  death,  and  suspending  it,  head  downward,  an  in- 
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jection  of  the  lymphatic  Teesels  of  the  diaphragm,  through  the  stomata  on  its 
peritoneal  surface,  may  readily  Iw  obtattied  if  artificial  respiration  be  carried 
on  for  about  ludf  an  hour.  lu  this  way  it  ha«  been  foimd  that  in  the  r&hbit 
the  lymphatics  are  arran>?ed  l)etween  the  tendon  bimdii^  of  the  centrum  ten- 
dineum  ;  and  they  are  l»ence  termed  interfascicular.  The  centrum  tendineum 
19  coated  by  endothelium  on  its  pleural  aiid  perit^jneal  surfaces,  and  its  stibstaDoe 
consists  of  tendon  bundles  arrttnged  in  concentric  rings  toward  the  pleural 
side  and  in  radiating  buudles  toward  the  peritoneal  aide. 

The  lymphatics  of  the  anterior  half  of  the  diaphragm  open  into  those  of  the 
anterior  mediiiij!tii3um,  w^hile  those  of  the  posterior  half  }mss  into  a  lymphatic 
TCMiml  in  tlie  jx^sterior  mediastinum,  which  soon  entem  tJie  thoraric  duct. 
Both  these  sets  of  veasela,  and  the  glan<l»  into  which  they  pasa,  are  readily 
iiij€?cted  by  the  method  above  d inscribed  .  and  there  can  l>e  little  doubt  that 
during  life  the  flow  of  lymph  aloDg  these  channels  ia  chiefly  caused  by  the 
action  of  the  diaphragm  during  respiration.  As  it  descends  in  inspiration, 
tlio  spaces  between  the  radiating  tendon  bundles  dilate,  and  lymph  is  sucked 
from  the  peritoneal  cavity,  through  the  widely  open  stoma ta,  into  the  inter- 
fascicular lymphatics.  During  expiration,  the  spaces  between  the  concentric 
tendon  bundles  dilate,  and  the  lymph  is  scjueezed  into  the  lympliatics  toward 
the  pleural  surface  (Klein).  It  tluis  apr^ears  probable  that  during  health  there 
\^  a  continued  sucking  in  of  lymph  from  the  peritoneum  into  the  lymphatics 
by  the  ** pumping*"  action  of  the  diaphragm  ;  and  there  is  doubtless  an  equally 
continuous  exudation  of  fluid  from  the  general  serous  surface  of  the  perito- 
neum. When  this  balance  of  transuilation  and  aljsorjition  is  disturbed  either 
by  iucreaded  transudation  or  some  impediment  to  absorption,  an  accumulation 
of  fluid  necessarily  takes  plat^e  (aacitesj  * 

Structure  of  Lijmphatic  Vessels, — The  larger  vessels  as  before  men- 
tioned are  very  like  veins,  having  an  externaJ  coat  of  areolar  tissue,  with 
elastic  filaments;  within  this,  a  thin  layer  of  areohir  tissue,  with  nn- 
striped  miiscukr  fibres,  which  have,  principally,  a  circular  direction, 
and  are  much  more  abundant  in  the  small  than  in  the  larger  vessels; 
and  again,  within  this,  an  inner  elastic  layer  of  longitudinal  fibres,  and 
a  lining  of  epithelium ;  and  numerous  valves.  The  valves,  constructed 
like  those  of  veins,  and  with  the  free  edges  turned  toward  the  heart, 
are  usually  arranged  in  jiairs,  and,  in  the  small  vessels,  are  so  closely 
placed,  that  when  the  vessels  are  fiill,  the  valves  constricting  them 
where  their  edges  are  attached »  give  them  a  peculiar  beaded  or  knotted 
appearance. 


The  Lymph  Flow. 

The  flow  of  the  lymph  toward  the  point  of  its  discharge  into  the  veins 
is  brought  about  by  several  agencies*  With  the  help  of  the  valvular 
mechanism  (1)  all  occasional  pressure  on  the  exterior  of  the  lymphatic 
and  lacteal  vessels  propels  tlie  lymph  onward  i  thus  muscular  and  other 
external  pressure  accelerates  the  flow  of  the  lymph  as  it  does  that  of 
the  blood  iu  the  veins.     The  actions  of  (2)  the  muscular  fibres  of  the 
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email  intostine,  and  probably  the  layer  of  iinstriped  muscle  present  in 
each  intestinal  villus,  seem  to  assist  in  propelling  the  chyle;  for,  in  the 
small  intestine  of  a  mouse,  the  chyle  has  been  seen  moving  with  inteT- 
mittent  propulsions  that  appeared  to  correspond  with  the  peristaltic 
movements  of  the  intestine.  But  for  the  general  propulsion  of  tlie 
lymph  and  chyle,  it  is  probable  that,  together  with  (3)  the  ri^  a  tergo 
resulting  from  absorption  {ii8  in  the  ascent  of  sap  in  a  tree),  and  from 
external  pressure,  some  of  the  force  may  be  derived  (4)  from  the  con- 
tractility of  the  veesers  own  walls.  The  respiratory  movements,  also, 
(5)  favor  the  current  of  lymph  through  the  thoracic  duct  as  they  do  the 
current  of  blood  in  the  thoracic  veins. 

Lymph-Hearts,— Id  reptiles  and  some  birds,  an  important  auxiliary  to  the 
mov^ement  of  the  lymph  and  chyle  is  supplied  in  eertiiin  muscular  sacs,  named 
It/mph- hearts,  and  it  has  been  shawn  that  tlie  caudal  heart  of  the  eel  ba 
lymph-heart  also.  Tlw  number  and  p<^i«ition  of  these  organs  vary.  In  ftxiga 
and  toad»  there  are  usually  four,  two  anterior  and  two  posterior ;  in  the  fpog, 
the  p<Msterior  lymph -hwirt  on  eauh  side  is  situated  in  the  ischiatlc  r^g^oiL,  just 
l>eneath  the  skin;  the  anU>rior  lies  de^'jM^r,  just  over  the  transverse  prcx^en of 
the  third  vertebra.  Into  each  of  these  cavitiea  several  lyraphatics  open,  the 
orifices  of  the  ve^saelH  being  guarded  hy  valves,  which  prevent  the  retrogiacte 
passage  of  the  l}Tnph.  From  each  heart  a  single  vein  proceeds,  and  ooovejn 
the  lymph  directly  into  the  venous  system.  In  the  frog,  the  inferior  lymphatic 
lie^rt,  4m  each  sifle,  jMiurs  its  lympli  into  a  bram*h  of  the  isehiatic  \'ein ;  bj 
the  superior,  the  tymph  ia  forced  into  a  branch  of  the  jugular  vein,  which 
issues  from  its  anterior  surface,  and  which  becomes  turgid  each  time  that  tJie 
sac  contracts.  Bloo*l  is  prevented  from  passiog  from  the  vein  into  the  lym* 
phatic  heart  by  a  valve  at  its  orifice. 

The  muscular  coat  of  these  hearts  is  of  variable  thickness ;  in  aome  cases  it 
can  only  be  discovered  by  means  of  the  microticope ;  but  in  every  case  it  in 
composeti  of  strif^ed  fibres.  The  contractions  of  the  hearts  are  rhythmical, 
occurring  about  sixty  times  in  a  minute^  slowly,  and,  in  comparison  with 
those  of  the  bl(x>d- hearts,  feebly.  The  pulsations  of  Ihe  cervical  i^»air  are  wyt 
always  synchronous  with  those  of  the  pair  in  the  isehiatic  region,  and  even 
the  corresponding  sacs  of  opfwisitt"  sides  are  not  always  sjmchronous  in  their 
action. 

Unlike  the  contractions  of  the  blood-hearty  those  of  the  lymph-Iieart  appear 
to  l>e  directly  dependent  ujx)u  a  certain  limited  jKirtion  of  the  spinal  cord. 
For  Volkmann  found  that  so  long  an  the  fKirtion  of  spinal  cord  corresponding 
to  the  third  vertebra  of  the  frog  was  uninjured,  the  cervical  pair  of  lymphatic 
hearts  contiuued  pulsating  after  all  the  rest  of  the  spina!  cord  and  the  braiu 
were  destroyed  ;  while  destruction  of  this  ijortion,  even  tliough  all  other  parts 
of  tlie  nervous  centres  were  uninjured,  instantly  arrested  the  heart's  move- 
ments. The  posterior,  or  iachiatic,  pair  of  lymph  hearts  were  found  to  be 
govemed,  in  like  manner,  by  the  portion  of  spinal  cord  corresponding  to  the 
eighth  vertebra.  Division  of  the  pf^sterior  RpinaJ  ri>ot^  did  not  arrest  the  move- 
ments ;  but  division  of  the  anterior  roots  caused  them  to  cease  at  once. 

Lymphatic  Glands*^Lyraphiitic  glands  are  small  round  or  oTal 
compact  bodies  varying  in  sizt;  frooi  a  hemp-seed  to  a  bean,  interposeJ 
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[in  the  coarse  of  the  lymphatic  vessels,  and  through  which  the  chief  part 

fof  the  lymph  passes  iu  its  course  to  be  discharged  into  the  hi ood -vessels. 

They  are  found  in  greiit  numbers  in  the  mesentery,  and  along  the  great 

Teasels  of  the  abdomen,  thorax,  and  neck;  in  the  axilla  and  groin j  a 


Flff.  988.— HecttoQ  of  a  mBsenteric  gland  frotii  the  ox*  sUgbtly  ma^il!^.  a,  Hilus:  &  (in  the 
«mtr«IpAn  of  Uuf  figure),  m«duUary  substance ;  c,  cottioAl  sulj^ancc  with  indlstLnct  aJveoU;  d, 
<&pcule.    (KdUiJcer.) 


few  in  the  popliteal  spacQ,  but  not  further  down  the  leg,  and  in  the 
arm  as  far  as  the  elbow*  Some  lymphatics  do  not,  however,  pa«8  through 
glands  before  entering  the  thonicit^  iluL-t. 

Strurture.—A  lymphatic  gland  is  covered  externally  by  a  capsule  of 
connective  tissue,  generally  containing  some  unstriped  muscle.  At  the 
inner  side  of  the  gland,  which  is  somewhat  concave  (hiiuii),  (fig.  368,  a), 


fig.  a»,— SectkMi  of  mwltjllarj' stilMttani't  ^  „  

nr  pulp  funnto^  rouiidwl  cords  j  jinin^  in  a  cHitinuoiu*  net  (dark  in  the  flj^urp);  €,  r,  trit- 
J  tli«  space,  6,  0*  IwHwwn  thewt*  and  the  glandular  so^«rtttIlC1?  is  the  lyinph  ainna.  washed c 


of  corpusdM  aad 


^f  an  fEiKiiiaal  ^land  of  an  ox.    <i,  a,  g^landular  mub* 

c  in  il 
lymph 


vetsed  by  aUuBe»Ca  oC  rattform  cottn-ective-tlMiie.    x  00. 


ashed  dear 


the  capsule  sends  inward  processes  called  frabemlm  in  which  the  blood- 
vessels are  contained,  and  these  join  with  other  processes  prolonged  from 
the  inner  surface  of  the  part  of  the  capsule  covering  the  convex  or  outer 
part  of  the  gland;  they  have  a  structure  similar  to  that  of  the  capsule, 
and  entering  the  gland  from  all  sides,  and  freely  communicating,  form 
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a  fibrous  supporting  stroma.  The  interior  of  the  gland  is  seen  on  6e<y 
tiou,  even  when  examined  with  the  naked  eje^  to  be  made  up  o!  hro 
purtg,  an  outer  or  cnrliral  (fig.  2T0,  t\  r),  which  is  light  colored,  and  in 
inner  of  redder  appearance,  the  mednllary  portion  (fig.  268).  In  t]i« 
outer  or  cortical  part  of  the  gland  {fig.  270)  the  intervals  between  the 
trabefiulae  are  comparatively  large,  and  form  more  or  lesa  triangular  iH' 
tercomraunicating  spaces  termed  alveoli;  while  in  the  more  central  or 
medullary  part  is  a  finer  raeshwork  formed  by  the  more  free  anastomods 
of  the  trabecular  process.  Within  the  alveoli  of  the  cortex  and  in  thi 
meshwork  formed  by  the  trabecular  in  the  medulla,  is  contained  the 


FUf.  STO.—Dfttpram matte  sectloo  of  l3rmphatic  gland,  <i.r.  afleivtit ;  «.!.,  efferent  lymphAtks; 
C,  cortical  BUliHtttuw^  /.A,,  rf^ticulai in jf  cords  of  inodullaiy  substance;  ^s,<  lympb-siauji;  c,  fibrctiu 
oofti  i»endi&K  in  trubeculfi? ;  t.r..  into  the  substance  i*f  the  gland.    (Sharpey. ) 

proper  gland  structure.  In  the  former  it  is  arranged  as  follows:  occu- 
pying the  centrjil  and  chief  part  of  eiich  alveolus,  is  a  more  or  less  wedge- 
slmped  mass  of  adenoid  tissue,  deni^ely  packed  with  lymph  corpuscles; 
but  at  the  periphery  surrounding  the  central  portion  and  immediately 
next  the  capsule  and  trabeculie,  is  a  more  open  raeshwork  of  adenoid 
tissue  eonstitnting  the  hjmph  sinus  ur  channel  and  containing  fewer 
lymph-corpuscles.  The  central  mass  is  inclosed  in  endothelium,  the 
cella  of  which  Join  by  their  processes,  the  processes  of  the  adenoid  frame- 
work of  the  lymph  sinus.  The  tmbecul^are  also  covered  with  endothe- 
lium. The  lining  of  the  central  mass  does  not  prevent  the  passage  of 
fluids  and  even  of  corpuscles  into  the  lymph  sinus.  The  framework  of 
adenoid  tissue  of  the  lymph  sinus  is  nucleated^  that  of  the  central  mass 
is  non-nucleated.    At  the  inner  part  of  the  alveolus^  the  wedge-sbap 
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itral  mass  divides  into  two  or  more?  smaller  rounded  or  cord-like 

which  Joining  with  those  from  the  other  alveoli,  form  a  much 

loser  arrangement  of  the  gland  tissue  than  in  the  cortex;  spaces  (^g, 

171,  b),  are  left  within  those  anastomosing  cords,  in  which  are  found 

portions  of  the  trabecular  raeshwork  and  the  continuation  of  the  lymph 

inus. 

The  essential  structure  of  lymphatic-gland  substance  resembles  that 
rbich  was  described  as  existing,  in  a  simple  form,  in  the  interior  of  the 
^litary  and  agminated  intestinal  follicles. 

The  lymph  enters  the  gland  by  several  aiferent  vessels^  which  open 


Fig'  'S^.—A  smftU  portion  of  modiiiUiury  Rubfrtaiie«  from  a  iiie»eQterle  jglBind  of  tim  ox.  cf,  d,  tror 
I  bectile;  ti,  pifcrt  of  a  ctrnl  of  glandular  itubfltaiices  fnini  which  all  Itut  a  f  uw  of  I  he  lyraphctjrpuicJe* 
[  liave  b«esi  uratbeil  out  to  show  itN  fu|ipnrtltig  me»hwork  of  netironi)  tiss4)t<  tmd  it^  o/ij>Jllary  hlood- 


(whk^  t»ve  been  injected,  odJ  are  detrk  in  thnfl^irf):  b,  6,  lymph-Biuug,  of  which  th«  nsti- 
furm  tlmaa  Is  t«pi«ie&ted  only  at  e,  c,    x  900.    (Kmiiker J 

beneath  the  capsule  into  the  lymph-channel  or  lymph- path j  at  the  same 
time  they  lay  aside  all  their  coats  except  the  endothelial  lining,  which 
IB  continiioua  with  the  lining  of  the  lymph-path.  The  efferent  vessels 
begin  in  the  medullary  part  of  the  gland,  and  are  continuous  with  the 
lymph-path  here  as  the  afferent  vessels  were  with  the  cortical  portion; 
the  endothelium  of  one  is  continuous  with  that  of  the  other. 

The  efferent  vessels  leave  the  gland  at  the  ktlus,  the  more  or  less 
'  concave  inner  aide  of  the  gland,  and  generally  either  at  once  or  very 
Boon  after  join  together  to  form  a  single  vessel. 

Blood-vessels  which  enter  and  leave  the  gland  at  the  hilus  are  freely 
distributed  to  the  trabecular  tissue  and  to  the  gland-pulp. 
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The  Lymph  and  Chyle. 

Lymph  is,  under  ordinary  circumstances,  a  cleur,  transparent,  and 
yellowish  fluid,  of  a  specific  gravity  varying  from  1U12 — 1022.  It  ii 
devoid  of  Bmell,  is  slighily  alkaline,  and  has  a  saline  taste.  As  seen  with 
the  microscope  in  the  small  transparent  vessels  of  the  tuil  of  the  tad- 
pole, it  usually  contains  no  corpuscles  or  particles  of  any  kind;  and  itii 
only  in  the  larger  trunks  that  any  corpuscles  are  to  be  found.  These 
corpuscles  are  similar  to  colorless  blood-corpuscles.  The  fluid  in  ifhich 
the  corpuscles  float  is  albuminous,  and  contains  no  fatty  particles;  but 
is  liable  to  variations  according  to  the  general  state  of  the  blood,  and  to 
that  of  the  organ  from  which  the  lymph  is  derived.  It  may  clot  on  ex- 
posure to  the  air.  As  it  advances  toward  the  thoracic  duct,  after  pass- 
ing through  the  lymphatic  glands,  it  becomes  spontaneously  coagulable 
and  the  number  of  corpuscles  is  much  increased. 

CT//^f,  found  in  the  lacteals  after  a  meal,  is  an  opaque,  whitish,  milky 
fluid,  neutral  or  slightly  alkaline  m  reaction.  Its  whiteness  and  opacity 
are  due  to  the  presence  of  inouoierablo  particles  of  oily  or  fivtty  matter, 
of  exceedingly  minute  though  nearly  uniform  size,  measuring  on  the 
average  about  ^^^^  of  an  inch  ((X8/i).  These  constitute  what  is  termed 
the  molecular  base  of  chyle.  Their  number,  and  consequently  the  opac- 
ity of  the  chyle,  are  dejjendent  upon  the  quantity  of  fatty  matter  con- 
tained in  the  food.  The  fatty  nature  of  the  molecules  is  made  manifest 
by  their  solubility  in  ether.  Each  molecule  probably  consists  of  a  drop- 
let of  oil  coated  over  with  albumen,  in  the  manner  in  which  minute 
drops  of  oil  always  become  covered  in  an  tdbumiuous  solution.  This  is 
proved  when  water  or  dilute  acetic  acid  is  added  to  chyle,  many  of  the 
molecules  are  lost  sight  of,  and  oil-drops  appear  in  their  place,  as  the 
investments  of  the  molecules  have  been  dissoh^ed,  and  their  oily  con- 
tents have  run  together. 

Except  these  molecules,  the  chyle  taken  from  the  villi  or  from  lac- 
teals  near  them,  contains  no  other  solid  or  organized  bodies.  The  fluid 
in  which  the  molecules  float  is  albuminous,  and  does  not  spontaneously 
coiigulate.  But  as  the  chyle  passes  on  toward  the  thomcic  duct,  and 
especially  while  traversing  one  or  more  of  the  mesenteric  glands,  it  k 
elaborated.  The  quantity  of  molecules  and  oily  particles  gradually  di- 
minishes; cells,  to  which  the  name  of  dtj/h-corpuschs  is  given,  appear 
in  it;  and  it  acquires  the  property  of  coagulating  spontaneously.  The 
higher  in  the  thoracic  duct  the  chyle  advances,  the  greater  is  the  nnrn- 
ber  of  chyle-corpuscles,  and  the  larger  and  firmer  is  the  clot  which  forms 
in  it  when  withdrawn  and  left  at  rest  Such  a  clot  is  like  one  of  blood 
without  the  red  corpuscles,  having  the  chyle-corpuscles  entangled  in  it, 
and  the  fatty  matter  forming  a  white  creamy  film  on  the  surface  of  the 


^ 


ABSORPTION. 


377 


eenim.  But  the  clot  of  cliyle  is  softer  and  moister  than  that  of  Mood. 
Like  blood,  also,  the  chyle  often  remains  for  a  long  time  in  its  vessels 
without  coagulating,  but  coagulates  rapidly  on  being  removed  from  them. 
The  existence  of  the  materials  which,  by  their  union,  form  fibrin,  is, 
therefore,  certain ;  and  their  increase  appears  to  be  commensurate  with 
that  of  the  corpuscles. 

The  structure  of  the  chyle-corpuscles  was  described  when  speaking 
of  the  white  corpuscles  of  the  blood,  with  which  they  are  identical  The 
Igmph^  in  chemiral  co?npOHiii'on,  reMembles  dUnted  plasmif,  and  from  what 
haa  been  said,  it  will  appear  that  perfect  chyh  mul  lymph  are,  in  essen- 
Hal  character*^  nearly  similar,  and  scarcely  differ^  except  in  the prepon- 
durance  of  fatty  and  proteid  matter  in  the  chyh. 

Chemical  Composition  of  Lymph  and  Chtul 


Water 
SoUck. 


1. 

Ljmph. 
3.4o4 

11. 

Chyle. 

90,V>37 

m. 

Mixed  Lvnii>h& 
Chyle  <Hiiiuaii>. 

9.52 

L  320 

3.880 

7.08 

1.550 

1.565 

L08 

a  trace 

.585 

3.601 
.711 

.44 

Proteids,   imhidiug  Sermn-AHm'  \ 

111  in.  FibriuogeD,  andGlobuUo.  ( 

Extractives,   including  in  ^I  ami  i 

II)    Sugar,  Urea.    Ceucin    and  /• 

Cholesterin         .        ,         .         ♦  ) 

Fatty  matter  and  Boaps 

8alt^ 

^wfiw/iXi/*— The  quantity  which  would  pass  into  a  cat's  blood  in 
twenty-four  hours  has  been  estimated  to  be  equal  to  about  one-sixth  of 
the  weight  of  the  whole  body.  And,  since  the  estimated  weight  of  the 
blood  in  cats  ia  to  the  weight  of  their  bodies  us  1  to  7,  the  quantity  of 
lymph  daily  traversing  the  thoracic  duct  would  appear  to  be  about  equal 
to  the  quantity  of  blood  at  any  time  contained  in  the  animals.  By  an- 
other series  of  experiments,  the  quantity  of  lymph  traversiDg  the  tho* 
racic  duct  of  a  dog  in  twenty-four  hours  was  found  to  be  about  equal  to 
two-thirds  of  the  blood  in  the  body. 

Chaknels  op  Absorptiok. 


Hie  Zffr/mAv,— During  the  passage  of  the  chyme  along  the  intestinal 
canal,  its  completely  digested  parts  are  absorbed  into  the  blood  and 
distributed  in  the  mucous  membrane.  The  absorption  into  both  sets  oi 
Tesscls  is  ciirried  on  moHf  aciivfhj  but  not  exrlnsivelf/,  tu  the  rilli  of  thfc^ 
Bmall  intestine;  for  in  them  both  the  capillary  blood-vessels  and  the 
lacteals  are  brought  almost  into  contflct  with  the  intestinal  contents. 
There  seems  to  be  no  doubt  that  absorption  of  fatty  matters  during 
digestion,  from  the  contents  of  the  intestineSj  is  effected  chiefly  through 
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the  epithelial  celld  which  line  the  intestinal  tracts  and  especially  tho«e 
which  clothe  the  surface  of  the  villi.  Thence,  the  fatty  particlee  art 
passed  on  into  the  interior  of  the  lacteal  Tessels,  hot  how  they  pa«,  mA 
what  laws  govern  their  passage,  are  not  at  present  exactly  known*  The 
lymph-corpnscles  of  the  villi  are  however,  in  some  animals,  ^^-,  the  m 
and  frog,  important  agents  in  effecting  the  passage  of  fat-particle«  into 
the  lacteals.  These  cells  take  ap  the  fat  which  has  passed  through  tbe 
columnar  cells  and  then,  hy  reason  of  their  amseboid  movement,  cam 


it  in  to  the  Imctetd.  When  arrived  there  they  break  «p  and  set  free 
both  fskt  and  proteid  matter  thereby. 

The  process  of  absorption  is  assisted  by  the  pressure  exercised  on 
the  contents  of  the  intestines  by  their  contractile  walls;  and  the  absorp- 
tion of  fatty  particles  is  also  facilitated  by  the  presence  of  the  bile,  and 
the  pancreatic  and  intestinal  secretion^  which  moisten  the  absorbing 
surface. 

like  Lgmpkaiiaf. — The  lymph  is  dilitled  Hqu^r  gamfuimU,  which  is 
always  exuding  from  the  blood^capOlaries  into  the  intersdess  of  the  tii- 
sues  in  which  they  Ue;  and  as  these  intersdees  form  in  most  parts  of 
the  body  the  b^innings  of  the  lymphatics,  the  source  of  the  lymph  is 
sufficiently  obvious.  In  connection  with  this  nay  %e  mentioned  the 
hici  that  changes  ta  the  ehaiaeler  of  the  lymph  eomspoiid  very  closelj 
W"  esmftachatacterof  ritherthewfaolaiaasB  off  hlaod^or  of  that 
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the  vesgels  of  the  part  from  which  the  lymph  is  exuded.     Thus  it  ap- 
that  tlie  cougukibility  of  the  lymph,  although  always  less  than,  is 
'  directly  proportiouiite  to  thiit  of  the  blood;  and  that  when  fluids  are  in- 
jected into  the  blood-vessels  in  sufficient  quantity  to  distend  thenj,  the 
!  injected   substance    may  be   almost  directly  afterward    found   in   the 
lymphatics. 

Some  other  matters  than  those  originally  contained  in  the  exuded 
liquor  sanguinis  may,  however,  find  their  way  with  it  into  the  lymphatic 
vessels.  Parts  which  having  entered  into  the  composition  of  a  tissue, 
vnd,  having  fulfilled  their  purpose,  require  to  be  removed,  may  not  he 
altogether  excrementitious,  but  may  admit  of  being  reorganized  and 
adapted  again  for  nutrition;  and  these  may  be  absorbed  by  the  lym- 


Ffff.  378.— Muootu  mnnbrai&e  of  frofir^a  intOBtnie  during  f^t  nbsorptJoEi.  ep,  epLthelium ;  str.  BtrtAted 
border;  €,  lymph  corpuBcles ;  I,  Ucte^.    (£,  A,  Hch&f er.  > 

phaticsj  and  elaborated  with  the  other  contents  of  the  lymph  in  paflsing 
through  the  glands. 

The  Blood'  Ve^i^eh, — In  the  absorption  by  the  lymphatic  or  lacteal 
vessels  just  described  there  appears  something  like  the  exercise  of  choice 
in  the  materials  admitted  into  them.  This  is  not  the  case  with  the 
blood-vessels;  it  appears  that  every  substance,  whether  gaseous,  liquid, 
or  a  soluble,  or  minutely  divided  solid,  may  be  absorbed  by  the  blood- 
vessels, provided  it  is  capable  of  permeating  their  walls,  and  of  mixing 
with  the  blood. 


Where  absorption  may  take  place. 

In  the  alimentary  eanal. — The  greatest  activity  of  absorption  occurs 
in  the  alimentary  canaL  In  it  the  materials  of  the  duly  digested  food 
find  their  way  by  means  of  this  process  on  the  one  hand  into  the  blood- 
Teseels  of  the  portal  circulation,  and  on  the  other  into  the  lacteid  vessels 
which  are,  as  we  shall  see  presently,  the  commencements  of  the  lym- 
phatic vessels  of  the  intestines. 

Tkrouf/h  the  skin, — ^It  has  been  shown  that  metallic  preparations 
rubbed  into  the  skin  have  the  same  action  as  when  given  internally, 
only  in  a  less  degree.     Mercury  applied  in  this  manner  exerts  its  spe- 
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cific  influence  upon  eypliilis,  and  excites  B^livation;  pota«sio*tartTate  of 
antimony  may  excite  vomiting,  or  an  eruption  extending  over  the  whole 
body;  and  arsenic  may  produce  poisonous  effects.  Vegetable  matters, 
also,  if  soluble,  or  alroatiy  in  solution,  give  rise  to  their  peculiar  effect*, 
as  cathartics,  narcotics,  and  the  like,  when  rnbbed  into  the  skin.  The 
effect  of  rubbing  is  probably  to  convey  the  particles  of  the  matter  into 
the  orifices  of  the  glands,  whence  they  are  more  readily  absorbed  thun 
they  would  be  through  the  epidermis.  When  simply  left  in  contact 
with  the  skin,  substances,  unless  in  a  fluid  state,  are  seldom  absorbed. 

It  has  long  been  a  contested  rpiestion  whether  the  skin  covered  with 
the  epidermis  has  the  power  of  absorbing  water ;  and  it  is  a  point  the 
more  difficult  to  determine  because  the  skin  loses  water  by  evaporatioiL 
But,  from  the  result  of  many  experiments,  it  may  now  be  regarded  aa  a 
well-ascertained  fact  that  such  absorption  really  occurs.  The  absorption 
of  water  by  the  surface  of  the  body  may  take  place  in  the  lower  animak 
very  rapidly.  Not  only  frogs,  which  have  a  thin  skin,  but  lizards,  in 
which  the  cuticle  is  thicker  than  in  man,  after  having  lost  weight  by 
beiug  kept  for  sometime  in  a  dry  atmosphere,  are  found  to  recover  both 
their  weight  and  plumpness  very  rapidly  when  immersed  in  water. 
When  merely  the  tail,  posterior  extremities,  and  posterior  part  of  the 
body  of  the  lizard  arc  immersed,  the  water  absorbed  is  distributed 
throughout  the  system.  And  a  like  absorption  through  the  skin,  though 
to  a  less  extent,  may  take  place  u-lso  in  man. 

In  severe  cases  of  dysphagia,  when  not  even  fluids  can  be  taken  into 
the  stomach,  immersion  in  a  bath  of  warm  water  or  of  milk  and  water 
may  assuage  the  thirst;  and  it  has  been  fouud  in  such  cases  that  the 
weight  of  the  body  is  increased  by  the  immersion.  Sailors  also,  when 
destitute  of  fresh  water,  find  their  urgent  thirst  allayed  by  soaking  their 
clothes  in  salt  water,  and  wearing  them  in  that  state;  but  these  effects 
are  in  part  due  to  the  hindrance  to  the  evaporation  of  water  from  the 
skin. 

Through  the  Lungs, — ^It  is  a  remarkable  fact  that  not  only  is  the 
epithelium  of  the  pulmonary  epithelium  able  to  allow  the  passage 
through  it  of  gases  and  volatile  substances,  but  that  also  under  certain 
coTulitions  fluids  such  as  water  may  also  be  absorbed,  and  besides  this, 
the  presence  of  carbon  particles  in  the  bronchial  glands  and  elsewhere 
in  connection  with  the  lungs  must  point  to  the  pulmonary  epithelium 
as  the  only  possible  channel  of  their  absorption. 


I 
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CHAPTER  X 

EXCRETION, 

We  have  now  considered  the  methods  by  which  the  food  is  digested 
and  prepared  for  absorption  as  well  as  the  methods  by  which  the 
chiiuged  materials  reach  the  general  blood-streara,  either  by  means  of 
the  lymphBtics  of  the  intestinal  walls  or  by  the  capillaries  of  the  portal 
cireulatioB.  The  most  difficult  problems  of  physiology  yet  remain  to  be 
discussed,  and  these  iire  those  concerned  with  the  extiet  changes  which 
tiike  place  in  the  tissues  and  organs  of  the  body,  when  they  are  supplied 
with  the  food  necessary  for  their  life.  In  order  to  be  in  a  condition  to 
discuss  these  questions  from  the  best  possible  siitntl point,  it  will  bo  as 
well  first  of  all  to  consider  the  forms  in  which  the  waste  nmteriiils  re- 
Bulting  from  the  metabolism  of  the  tissues  leave  the  body,  and  the 
methods  of  their  elimination.  This  has  to  a  certain  extent  been  already 
considered,  we  have  seen  how  carbon  dioxide  and  other  matters  are  elim- 
inated  by  the  lungs,  and  further,  we  have  devoted  some  time  to  the  con- 
sideration of  the  amount  and  composition  of  the  faBces.  The  highly 
important  functions  of  the  kidneys,  in  excreting  the  urine,  and  of  the 
skin  remain,  and  it  is  to  these  that  we  most  now  direct  our  attention. 

The  Structure  and  Functions  of  the  Kidneys. 

The  Kidneys  are  two  in  number,  and  are  situated  deeply  in  the  lum- 
bar region  of  the  abdomen  on  either  sklu  of  the  spinal  column  behind 
the  peritoneum.  They  correspond  in  position  to  the  last  two  dorsal  and 
two  upper  lumbar  vertebrfej  the  right  being  shghtly  below  the  left  in 
consequence  of  the  position  of  the  liver  on  the  right  side  of  the  abdo- 
men. They  are  about  4  inches  long,  2^  inches  broad,  and  li  inch  thick. 
The  weight  of  each  kidney  is  about  4^  oz. 

Stnidure. — The  kidney  is  covered  by  a  tough  fibrous  capsule,  which 
is  slightly  attached  by  its  inner  surface  to  the  proper  substance  of  the 
organ  by  means  of  very  fine  fibres  of  areolar  tissue  and  minute  blood- 
vessels. From  the  healthy  kidney,  therefore,  it  may  be  easily  torn  ofF 
without  injury  to  the  subjacent  cortical  portion  of  the  organ.  At  the 
hilun  or  notch  of  the  kidney,  it  becomes  continuous  with  the  external 
coat  of  the  upper  and  dilated  part  of  the  ureter  (fig.  274), 

On  dividing  the  kidney  into  two  equal  parts  by  a  section  carried 
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through  its  long  convex  border  (fig.  274),  the  main  part  of  its  substance 
is  seen  to  be  composed  of  two  chief  portions  cjillcd  respectively  coriiml 
and  liiedullarff^  the  latter  being  also  sometimes  called  /fi/raniidalfifiym 
the  fact  of  its  being  composed  of  about  a  dozen  conical  bundles  of  nrice 
tubes,  efich  bundle  forming  what  is  called  a  pyramid.     The  upper  pan 
of  the  urffer  or  duct  of  the  organ,  is  dilated  into  the  pelvic  ;  and  this, 
again,  after  separating  into  two  or  three  principal  divisions,  is  finaUy 
subdivided  into  still  smaller  portionSj^  varying  in  number  from  about  g| 
to  1:?,  or  even  more,  and  called  ealt/ces.     Each  of  these  little  calyeefl  or  1 
cups,  which  are  often  arranged  in  a  double  row,  receives  the  pointed] 


>^>- 
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Fig.fre* 


FUr-  374.— Finn  of  a  loDf^tudiniLl  Betitfon  throuflrh  the  pplirta  and  subcUnoe  of  the  tight  1ddii«r, 
^ ;  rr,  ch«>  eortlcsal  subetanee ;  b,  b,  brood  pArt  of  the  p^Tnmids  of  MaJpighi^  r.  c,  the  dldsaons  of  tab 
pt^lvbi  named  c&ljroeSt  Idd  open  ;  c\  one  of  thoKt^  utiopeued  :  d^  suinniit  of  tbe  pyrmmJds  of  p*ffiiff 
projecLlu^  into  oalTces ;  e,  e.  sectioD  of  the  narrow  imrt  of  two  pyramldH  near  the  calvoefl:  p,  pd- 
v\»  or  eDlargr^rl  dirlfitotiii  of  tb?  iireti^r  wkliJrt  the  kiilni'y;  n,  the  ureter:  s,  thts  ■Inm;  k,  tbe  hilus. 

Fig.  ;:T5,— A.  Portion  of  a  «?cretin>r  tubule  from  tbe  certical  substance  of  the  kidbej.  b.  The  ep4- 
thelLal  or  glaDd  celts,    x  700  times. 

extremity  or  papilla  of  a  pyramid.  Sometimes,  however,  more  than  one 
papilla  is  received  by  a  calyx* 

The  kidney  is  a  compound  tubular  gland,  and  both  its  cortical  and 
medullary  portions  are  composed  essentially  of  tubes,  the  tttbtdi  urim- 
feri^  which,  by  one  extremity,  in  the  corf  fail  portion,  end  commonly  in 
little  saccules  containing  blood-vessels,  called  Malpiffkiau  bodies,  and, 
by  the  other,  opened  through  the  papill©  into  the  pelvis  of  tbe  kidney» 
and  thus  discharge  the  urine  which  flows  through  them. 

In  the  pyramids  the  tubes  are  chiefty  straight^dividing  and  diverg- 
ing as  they  ascend  through  these  into  the  cortical  portion;  w^hile  in  the 
latter  region  they  spread  out  more  irregularly,  and  become  much 
bmnclied  and  convoluted. 

Tubuli  Uriniferi.—Th^  tubuli  uriniferi  (fig.  ^75)  are  composed  of 
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a  nearly  homogeneous  membrane,  and  are  lined  internally  by  epithelium. 
They  vary  considerably  in  size  in  diflferent  parts  of  their  courae^but  are, 
on  an  average^  about  ^^  of  an  inch  (^  mm.)  in  diameter,  and  are  found 


Flf.  270. — ^A  dJafzrrani  of  tlie  sections  of  urlnifernus  tubes, 
capsule:  «,  subcatwulnr  laver  not  contain Ihk  MalpiKliLau  corpLucleA;  a\  Imier  iiitratum  of  eorbejc, 
ftteo  without  Mnlp%h^ .        .>  .  .r_--    , r. .  .^_  ^.  _. —  . 


A,  Oort*x  limited  e-xti^malli'  bj  tbo 
■cieA:  a\  Imiesr  iiitratum  of  eorter, 
artMuIf  A  ;  B.  Ixtyaitiu?  lajer;  Gt  pApUluy  fmxt  next  the  bouodary  layer ; 
1,  Bowmaxi's  capAufe  of  Malpighuin  ci'n^nscle;  «,  ueck  of  capsule;  &,  proidmn)  convoluted  tubule;  4, 
H»lral  tubule;  5.  de^ceDdint,;  limb  of  llf nle's  loop;  6,  the  loop  proper i  7,  thick  |iart  of  the  asoendlD^ 
limb;  8,  BolraJ  part  of  asc*"ndiiifr  llnih;  S+.  uarrow  oM^t^mdlnf^  finin  in  the  medullanf'  rfiy:  10,  the  Ir- 
renrtilar  tUDiile;  ll,  the  intertalatetl  section,  or  the  dustal  cotivolytt>d  tubuks  I'-i,  the  curvt'd  coll<?et- 
ini^ttibuJe;  13,  ihestraiK^htcuU^ciinK  tidiiil<?  of  tht*  medullaiy  ray  ;  14.  the  colli^etiiig  tube  of  the 
boundary  hiyer;  15,  the  larse  ooUectlng  tube  of  tbe  papillary  part  which,  joluiug  with  siiuMar 
tubes,  foniijs  tbe  duct.    (KMnO 

to  be  made  up  of  several  distinct  sections  which  differ  from  one  another 
very  markedly,  both  in  situation  and  structure.  According  to  Klein, 
the  following  segments  may  be  made  out:  (1)  The  Malpighian  corpus* 
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cle  (figs,  276, 281),  composed  of  a  hyalin©  membrana  propria,  thickened 
by  a  varying  amount  of  fibrous  tissue,  and  lined  by  flattened  nu«leate<i 
epithelial  plates.  This  capsule  is  the  dilated  extremity  of  the  urinif- 
erous  tubule,  and  contains  within  it  a  glomeruloa  of  convolated  capil* 
lary  blood-vessels  supported  by  connective  tissue,  and  covered  by  flat- 
tened epithelial  plates.  The  glomerulus  is  connected  with  an  efferent 
and  an  afferent  vesseL  (2)  The  constricted  nerl-  of  the  capsnle  (fi|* 
276,  2),  lined  in  a  Bimilar  manner,  connect  it  with  (3)  The  Proximo^ 
conimlnicd  tubule,  which  forms  several  distinct  curves  and  is  lined  with 


Fiff.  277.— From  a  rertfcal  scctioo  throuijh  the  kidney  of  a  do^— thje  cftpnile  of  whicb  i«  suppowd 
to  b«i  DDL  the  right,  o,  the  capillaries  of  th©  MalplcfhiAD  eorpuflcle— vfi!„  th©  glomenilii&.  ar*  at- 
nwisred  in  lobules;  n,  neck  nf  rapauJe  ;  €,  oonvoluted  tiil>es  cut  in  various  directioDs  ;  b,  irre^ikr 
tubule  ;  d,  e,  and/,  are  Htrai^jbt  tubes  niimlDg  towanl  oaftHuleii  forTuJog  a  Ho-coitled  med%iUary  my- 
d,  collectiag  tube  ;  c,  spiral  tub*?;  /,  narrow  aectlon  of  aacendlDg  Umb.  x  iMJ,  iKleia  aoUXobto 
SmltbJ 

short  columnar  cells,  which  vary  somewhat  in  size.  The  tube  nert 
passes  almost  vertically  downward,  forming  (4)  The  Spiral  Tubttk, 
which  is  of  much  the  same  diameter^  and  is  lined  in  the  same  way  as 
the  convoluted  portion*  So  far  the  tube  has  been  contained  in  the  eortei 
of  the  kidney;  it  now  passes  vertically  downward  through  the  most 
eiternal  part  (boundary  layer)  of  the  Malpighian  pyramid  into  the  more 
internal  part  (papillary  layer),  where  it  carves  up  sharply.,  forming 
altogether  the  (5  and  6)  Loop  of  Henley  which  is  a  very  narrow  tube 
lined  with  flattened  nucleated  cells.  Passing  vertically  upward  Just  as 
the  tube  reaches  the  boundary  layer  (7),  it  suddenly  enlarges  and  be- 
comes lined  with  polyhedral  cells*    (8)  About  midway  in  the  boundary 
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iyer  the  tube  again  narrows,  forming  the  ascending  spiral  of  Htnh's 
Floo/i,  but  is  still  lined  with  polyhednil  cells.     At  the  point  where  the  tube 

iters  the  cortex  (0)  the  ascending  limb  nurrowia,  but  the  dijimeter 
io8  considembl}' ;  here  and  there  the  cells  are  more  thittened,  but 

>th  in  this  as  in  (8),  the  cells  are  in  many  places  very  angular,  branehed, 
ind  imbricated.  It  then  joins  (ItJ)  the  "  irregular  tubule^'*  which  has  a 
rery  irregular  and  angular  outline,  and  is  lined  with  angular  and  imbri- 

ited  cells.     The  tube  next  becomes  convoluted  (11),  forming  the  distal 

^ni**duhd  tube  or  inhrraiated  aeclifin  of  Sehff'agger-Seidelf  which  is 

ientical  in  all  respects  with  the  proximal  convoluted  tube  (12  and  13). 

?he  curved  and  straight  collecting  tubes,  the  former  entering  the  latter 


^ 
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^979.— TmnvrenH  leetlcHi  of  «  renal  papillae  a.  lar^*  no  • -;  or  {laplUanrdueta:  6,  caDdrf, 
tube*  of  Uenle;  «,  /,  blood  capUlaried.  aifi-tiiiguL^tHi  by  their  AiiCt«r  eplLti«Uum.    (Cadiftt.) 


at  right  angles,  and  the  latter  passing  vertically  downward,  are  lined 
with  polyhednd,  or  spindle-shaped,  or  flattened,  or  angular  cells.  The 
stniigfit  collecting  tube  now  enters  the  boundary  layer  (14)  and  passes 
on  to  the  papillary  layer,  and,  Joining  with  other  collecting  tubes,  forms 
larger  tubes,  which  finally  open  at  the  apex  of  the  papilla.  These  col- 
lecting tubes  arc  lined  with  transparent  nucleated  columnar  or  cubical 
cells  (14,  15). 

The  cells  of  the  tubules  with  the  exception  of  Ilenle's  loop  and  all 
parts  of  the  collecting  tubules,  are,  as  a  rule,  possessed  of  the  intra- 
nnclear  as  well  as  of  the  intra-cellular  network  of  tibres,  of  which  the 
vertical  rods  are  most  conspicuous. 

\        Heidenhain  observed  that  indigo-sulphate  of  sodium^  ajid  other  pig* 
ments  injected  into  the  jugular  vein  of  an  animal,  were  apparently  ex- 
creted by  the  cells  which  possessed  these  rods,  and  therefore  concluded 
25 
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that  the  pigment  passes  through  the  cells,  rods,  and  nncleus  theinafil?eiL 
Klein,  however,  believes  that  the  pigment  passes  through  the  intercel- 
lular substances,  and  not  through  the  cells. 

In  some  places,  it  is  stated  that  a  distinct  membrane  of  flattened  cella 
can  be  made  out  lining  the  lumen  of  the  tubes  {centrotubtilar  mtm- 

brum). 

Blood-supply . — In  connection  Trith 
the  genera.1  distribution  of  blood-ves- 
sels to  the  kidnej,  the  JIalpighian 
Corpuschis  may  be  further  considered. 
They  (fig,  2SQ)  are  found  only  in  the 
cortical  part  of  the  kidnej,  and  are 
confined  to  the  central  part,  which, 
however,  makes  up  about  seveQ* 
eighths  of  the  whole  cortex*  On  i 
section  of  the  organ,  sonne  of  them 
are  just  visible  to  the  naked  eye  as 
minute  red  points;  others  are  too 
small  to  be  thus  seen.  Their  average 
diameter  is  about  yj^  of  an  inch 
(I  mm.)>  Each  of  them  is  composed, 
as  we  have  seen  above,  of  the  dilute 
extremity  of  an  uriniferous  tube,  or 
Malpighian  cap^uk,  which  incloses  a 
tuft  of  blood-vessels. 

The  renal  artery  diYides  into  sev* 
eral  branches,  which,  passing  in  at 
the  hilus  of  the  kidnej,  and  covered 
by  a  fine  sheath  of  areolar  tissue  de- 
rived from  the  capsule,  enter  the 
substance  of  the  organ  chiefly  in  the 
intervals  between  the  papiUae,  and 
at  the  junction  between  the  cortei 
and  the  boundary  layer.  The  main 
branches  then  pass   almost  horizon- 


part 


,  879. — Vaecular  taipply  of  kidoey.    a, 
^  luterial  arch;  b,  interlobuljLr  artery;  e. 


gloinerultiH;  (f.  effeiviit  vessels  ]>as«inKr  to  the    x.ii„    *^^,«;^«  w.^-^    «»   !„««    ^„^*,i„i- 

medulla  as  false  (y-teriamta:  <->apiiWiesi  of  tally,  forming  more  or  less  Complete 

cortex;/,  eapillariea  of  medulla;  u^  venouB t ..*,.a    ™:«: „4»    u      «    i_ 

arch;  i  straight  veins  of  medulla; /^nastei-  arches,  and  givmg  oll   branches  lip- 

luia:  i".toerlobularveln.    tCmliatj  ^^,^^^    ^^   ^^^   ^^^^^^  ^^^  dOWnward  tO 

the  medulla.  The  former  are  for  the  most  part  straight;  they  pass 
almost  vertically  to  the  surface  of  the  kidney,  giving  off  laterally  in 
all  directions  longer  and  shorter  branches,  which  ultimately  supply  the 
Malpighian  bodies. 

The  small  aferent  artery  (figs,  280  and  281)  which  enters  the  Mal- 
pighian  corpuscle^  breaks  up  in  the  interior  as  before  mentioned  intoa 
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dense  conYoluted  and  looped  capillary  plexus>  which  is  ultimately  gath- 
ered up  again  into  several  small  efferent  vessels,  comparable  to  minute 
Teins,  which  leave  the  capsule  at  one  or  more  places  near  the  point  at 


¥ig  880«->Dilffnunili<iwlnK  tbe  r«lAtfon  of  the  Malpfi^hian  bodjtothe  urlntf^rmjpi dtictR and 
blood'ii IMffill  a,  one  of  tb«  interlobular  arttfries;  a',  afferent  artHry  paiy>iDg  into  Ui*^  ploru^'niliiH ; 
c,  capMile  of  the  MudipighiAn  body,  f omilae'  ihvi  c^riiitnatiDn  of  aod  eoDtinuouH  with  t,  the  urliiift^n >U9 
tube  ;  **,  e\  effemnt  ▼wwete  which  subdivide  in  thi^  pJexus,  p,  aiuTouDding  tbe  tube,  and  fiJuUly 
t«nuiiiAte  in  the  branch  of  the  reimi  velu  e  (after  Bowman). 

which  the  afferent  artery  enters  it.  On  leaving,  it  does  not  immediately 
join  other  small  veins  as  might  huve  been  expected,  but  again  breaking 
up  into  a  network  of  capillary  vessels^  is  distributed  on  the  exterior  of 


I 


le  and  tuft  of  capillaries,  injected  throagh  the  renal  artery  with 
vessels  :  h.  capsule  ;  r,  ant^jrior  capsule;  ti,  jjlnmerular  artery  ;  «» 
elTerent  TeinH;  /,  epithelium  of  tub€*8.     (Cadiat.) 


Tie.  281.— Malpighian  ca 
coloreii  grc^^latiD.    n,  ^lomenifar  vesseU 
'      •         '     pit 


the  tubule,  from  whose  dilated  end  it  had  just  emerged.     After  thifl 
second  breaking  up  it  is  finally  collected  into  a  small  vein,  which,  by 

Cnth  others  like  it,  helps  to  form  the  radicles  of  the  renal  vein, 
mall  veins  pass  into  others  which  form  venous  arches  correspond- 
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ing  to  the  arterial  arches,  but  which  are  more  distiiict,  sitaated  beti 
the  medulla  and  cortex. 

Thus  iu  thi3  kidney,  the  blood  entering  by  the  renal  artery  IraTerSEil 
two  sets  of  capillaries  before  emerging  by  tlie  renal  vein,  an  arrangemeatj 
which  may  be  compared  to  the  portal  system  in  miniature. 

The  tuft  of  vessels  iu  tlje  course  of  development  is  thrust  into  the" 
dilated  extremity  of  the  urinary  tubule,  which  finally  completely  in  vests 
it.     Thus  the  Malpighian  capsule  is  lined  by  a  parietal  layer  of  squa^ 
mous  cells  and  a  visceral  or  reflected  layer  immediately  covering  the  vas- 
cular tuft  (fig.  282),  and  sooietimes  dipping  down  into  its  iutersticei, 
This   reflected  layer  of    epithelium 
is  readily  seen  in  young  subjects,  but 
cannot   always  be  demonstrated  in 
the  adult.     (See  figs.  282  and  283.) 


nr 


Fl|?.  SflS. 


Fl^.  283.~Tn»uiTenie  sectton  of  a  ^eTflopiti^  Malpifrhtan  capsule  and  tuft  rliutnAii),    x  t 
From  A  ffHtiirt  nt  about  iht-  fourth  month;  a,  Itatt4^iit>4l  et^lLs  grovnn»?  lo  forri^  the  cnpsute;  fe»  HK 
roundft!  ct-llH,  continuous  witli  t\\r.  n>M>ve.  rellritt-d  ruiiTid  c,  and  rtnally  enveloping  it;  c,  mass  of 
enibryomV  t*ilJs  wiiiL'h  tvil]  lat^-r  becoiTit-^  d«^veIoi)*^J  inti,>  blood- veasels,     (>V.  I*>'e.  > 

Fig,  2H3,— Kpitht^liaJ  **lrn]i»iits  of  n  iV1ftlptijhiai»  capsule  antl  tuft,  with  the  cointneinvmeiit  of » 
urinary  tubule  sho^vJUK  tbt*  afTeneut  aiut  t-frenent  vesi«l ;  a,  layer  of  Hat  epitJieaum  formiDg  Uae 
capsule;  h.  Him  liar,  but  rat  Iht  I  ar^i^^r  epithelial  cells,  placet!  io  the  walls  of  the  tube;  c.cc'lla.  corcrfoir 
Hie  veeselA  of  tho  capillary  tuft;  d,  c<jmmenceaietit  of  the  tubule,  aomewhat  narrower  that  the  res 
of  St,    <W.  t»ye.j 

The  vessels  which  enter  the  medullary  layer  break  up  into  smaller 
arterioles,  which  pass  through  the  boundary  layer,  and  proceed  in  a 
straight  course  between  the  tubules  of  the  papillary  htyer,  giving  oif  on 
their  way  branches,  which  form  a  fine  arterial  mesh  work  around  the 
tubes,  and  ending  in  a  similar  plexus  from  which  the  venous  radicles 
arise. 

Besides  the  small  afferent  arteries  of  the  Miilpighi^in  bodies,  ther& 
are,  of  course,  others  which  are  rlistributed  in  the  ordinary  manner,  for 
the  nutrition  of  the  different  parts  of  the  organ;  and  in  the  pyramids, 
between  the  tubes,  there  are  numerous  straight  vessels,  the  vasa  rectOj 
some  of  which  are  branches  of  rasa  effvrentia  from  Malpighian  bodies^ 
and  therefore  comparable  to  the  venous  plexus  around  the  tubules  in 
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le  mrtiral  portion,  while  others  arise  directly  as  small  branches  of  the 
lal  arteries. 

Between  the  tubes,  vessels,  etc.,  which  make  up  the  substance  of 
I  the  kidney>  there  exists,  in  small  quantity,  a  fine  matrix  of  areolar 
(tUffue. 

Jferveti, — The  nerves  of  the  kidney  are  derived  from  the  renal  plexus 
of  each  side.  This  consists  of  both  medulkted  and  non-medulluted 
nerve-fibres,  the  former  of  varying  size,  and  of  nerve-ceils.  The  renal 
plexna  is  derived  from  the  solar  plexus,  particularly  from  the  semilumir 
ganglion.  The  renal  plexus  is  thus  indirectly  connected  with  the  vagi  and 
with  the  splanchnic  nerves.  It  is  also  directly  connected  with  them  bj 
fibres  which  pass  to  them  without  first  joining  the  solar  plexus*  Fibres 
from  the  anterior  roots  of  the  eleventh,  twelfth,  and  thirteenth  dorsal 
nerves  in  the  dog  also  pass  to  the  same  plexus,  either  directly  through 
the  sympathetic  chain  or  by  first  passing  into  the  solar  plexus. 


La&l^Epltiieyiiiri  of  the  bluddw;  a,  one  of  the  <?ellH  of  tht-  flingt  row:  5,  n  cell  of  the  eecond  row; 
c,  oeilA  m  ntu,  ul  ar»t,  Beconil,  and  diiepest  lajens.    (ObersUfLuer. ) 


I 


I 


The  Ureters.— The  duet  of  each  kidney,  or  ureter^  is  a  tube  about 
the  size  of  a  goose-quill,  and  from  twelve  to  sixteen  inches  in  length, 
which,  continuous  above  with  the  pelvis  of  the  kidney,  ends  below  by 
perforating  obliquely  the  walls  of  the  bladder,  and  opening  on  its  inter- 
nal surface. 

Simeture, — It  is  constructed  of  three  principal  coats  {a)  an  outer, 
toogh,/Aro«5  and  elastic  coat;  (b)  a  middle  musvular  coaf, of  which  the 
fibres  are  unstriped,  and  arranged  in  three  layers — the  fibres  of  the  cen- 
tral layer  being  circular,  and  those  of  the  other  two  longitudinal  in 
direction;  and  (c)  an  internal  mucous  lining  continuous  with  that  of 
the  pelvis  of  the  kidney  above,  and  of  the  urinary  bladder  below.  The 
epithelium  of  all  these  parts  (fig,  284)  is  alike  strati  lied  and  of  a  some- 
what peculiar  form;  the  celk  on  the  free  surface  of  the  mucous  mem- 
brane being  usually  spheroidal  or  polyhedral  with  one  or  more  spheric:il 
or  oval  nuclei;  while  beneath  these  are  pear-shaped  cells,  of  which  the 
broad  ends  are  directed  toward  the  free  eurfiice*  fitting  in  beneath  the 
cells  of  the  first  row,  and  the  apices  are  prolonged  into  processes  of  va- 
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nous  lengths,  among  which,  again,  the  deepest  cellB  of  the  epitheUnm 
are  found  spheroidal,  irregularly  oval,  spindle-shaped  or  conicaL 

The  Urinary  Bladder. — The  urinary  bladder,  which  forms  a  le- 
ceptacle  for  the  temporary  lodgment  of  the  urine  in  the  intervals  of  its 
expulsion  from  the  body,  is  more  or  less  pyrif orm,  its  widest  part,  which 
is  situate  above  and  behind,  being  ^rmed  the  fundus;  and  the  narrov 
constricted  portion  in  front  and  below,  by  which  it  becomes  continuouB 
with  the  urethra,  being  called  its  cervix  or  neck. 

SU  ucture. — It  is  constructed  of  four  principal  coats —  serous,  mus- 
cular,  areolar  or  submucous,  and  mucous,  (a,)  The  serous  coat,  which 
covers  only  the  posterior  and  apper  part  of  the  bladder,  has  the  same 
structure  as  that  of  the  peritoneum,  with  which  it  is  continnous.  (h) 
The  fibres  of  the  muscular  coat,  which  are  unstriped,  are  arranged  in 
three  principal  layers,  of  which  the  external  and  internal  have  a  general 
longitudinal,  and  the  middle  layer  a  circular  direction.  The  latter  are 
especially  developed  around  the  cervix  of  the  organ,  and  are  described 
as  forming  a  sphincter  vesica.  The  mascalar  fibres  of  the  bladder,  like 
those  of  the  stomach,  are  arranged  not  in  simple  circles,  bat  in  figure- 
of-8  loops,  (c)  The  areolar  or  submucous  coat  is  constructed  of  connec- 
tive tissue  with  a  large  proportion  of  elastic  fibres,  (d)  The  mucous 
membrane,  which  is  rugose  in  the  contracted  state  of  the  organ,  does 
not  differ  in  essential  structure  from  mucous  membranes  in  general 
Its  epithelium  is  stratified  and  closely  resembles  that  of  the  pelvis  of  the 
kidney  and  the  ureter  (fig.  284). 

The  mucous  membrane  is  provided  with  mucous  glands,  which  are 
more  numerous  near  the  neck  of  the  bladder. 

The  bladder  is  well  provided  with  blood-  and  lymph-vessels,  and  with 
nerves.  The  latter  are  both  medullated  and  non-mednllated  fibres, 
both  branches  from  the  sacral  plexus  (spinal)  and  hypogastric  plexus 
(sympathetic).  Ganglion-cells  are  found,  here  and  there,  in  the  course 
of  the  nerve-fibres. 

The  Urine. 

Physical  Properties. — Healthy  urine  is  a  perfectly  transparent,  am- 
ber-colored liquid,  with  a  peculiar,  but  not  disagreeable  odor,  a  bitterish 
taste,  and  slight  acid  reaction.  Its  specific  gravity  varies  from  1015  to 
1025.  On  standing  for  a  short  time,  a  little  mucus  appears  in  it  as  a 
fiocculent  cloud. 

Chemical  Compositioti. — The  urine  consists  of  water,  holding  in  solu- 
tion certain  organic  and  saline  matters,  as  its  ordinary  constituents,  and 
occasionaUy  various  other  matters;  some  of  the  latter  are  indications 
of  diseased  states  of  the  system,  and  others  are  derived  from  unusual 
•V*  *  ^aa4  or  drugs  taken  into  the  stomach. 
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Chemical  Composition  of  the  Urdje. 

Water 

Solids— 

Urea      ,         , 

Other  nitrogenous  crystalline  bodies — 

Uric  acid»    principally  in  the   form  of  alka* 

line  Urates,  a  trace  only  free. 
Creatinin,  Xanthin,  Hypoxathin. 
Hippurie  acid. 
Mucus,  Pignients,  and  Ferments. 
Salts :» 

Inorganic— 

PrincipalJy  Sulphates,  Phosphates,  and 
Chlorides  of  Sodium  and  Potassium,  with 
Phosphates  of  Magnesium  and  Calcium, 
traces  of  Silicates  and  Chlorides. 


907 


14.230 


10.635 


6. 185 


Lactates,  Hippmrates,  Oxalates,  Acetates  and 
Formates,  which  only  appear  occasion- 
ally, J  -^    33 

Sugar ,        ,  a  trace  sometimes. 

Oases  (nitrogen  and  cArbonic  acid  principally) . 

lOOO 

Reaction. — The  normal  reaction  of  the  urine  is  slightly  acid.  This 
acidity  is  due  to  acid  phospiiate  of  sodium,  and  is  less  marked  soon  alter 
meals.  The  uriue  contains  no  appreciable  araonnt  of  free  acid,  as  it 
gives  no  precipitate  of  sulphur  with  sodium  hyposulphite.  After  stand- 
ing for  some  time  the  acidity  increases  from  a  kind  of  acid  fermentation,. 
due  in  all  probiibility  to  the  presence  of  mucus  and  fungi,  and  acid 
urates  or  free  uric  acid  is  deposited.  After  a  time,  varying  in  length 
according  to  the  temperature,  the  reiiction  becomes  strongly  alkaline 
from  the  change  of  urea  into  ammonium  carbonate,  due  to  the  presence 
of  one  or  more  specific  micro-organisms  (micrQCQceus  urees).  The  urea 
takes  up  two  molecules  of  water — a  strong  ammoniacal  and  fcetid  odor 
appears,  and  deposits  of  triple  phosphates  and  alkaline  urates  take  place. 
This  does  not  occur  unless  the  urme  is  freely  exposed  to  the  air,  or, 
at  least,  until  air  has  had  access  to  it. 

Reaction  of  Uiiiic  in  Different  Clcuises  of  Armnals.-^ln  most  herbivorous  ani- 
mals the  urine  is  alkaline  and  turhid.  The  differejice  depends  not  on  any 
peculiarity  in  the  mode  of  secretion,  but  on  the  difference  in  the  food  on  which 
the  two  classes  subsist ;  for  when  carnivorous  animals,  such  as  dogs,  are  re- 
stricted to  a  vegetable  diet,  their  urine  becomes  pale,  turbid,  and  alkaline  like 
tliat  of  an  herbivorous  animal,  but  resumes  its  former  acidity  on  the  return  to 
an  animal  diet;  while  the  urine  voided  by  herbivorous  animals,  e.g.,  rabbits* 
fed  for  some  time  excluHively  upon  animal  substances,  presents  the  acid  reaci- 
tion  and  other  qualities  of  the  urine  of  Camivora,  its  ordinary  alkalinity 
being  restored  only  on  the  substitution  of  a  vegetable  for  the  animal  diet. 
Human  urine  ia  not  usually  rendered  alkaline  by  vegetable  diet»  but  it  becomes 
BO  after  the  free  use  of  alkali ue  medicines,  or  of  the  alkaline  salts  witli  car- 
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bonic  or  vegetable  acids :  for  these  latter  are  changed  into  alkaline  carbonatei 
previous  to  elimination  by  the  kidneys. 

Average  dally  quantity  of  the  chief  urinary  constituents  (modified  from  FlsriKB). 


Per  Kilo  of 

body  weUrht 

Water       .... 

1500 

cc. 

or 

52i  oz. 

23.        grms. 

Solids- 

Urea 

33.180  grms 

u 

512.4  grains 

.5 

Creatinin   . 

.910 

*• 

M 

14.0 

•• 

.0140    - 

Uric  Acid 

.555 

u 

*i 

8.569 

tt 

.oa&4  - 

Hippuric  Acid   . 

.400 

u 

*• 

6.16 

u 

.0060    ** 

Pigment  and  Eztract- 

tives 

10. 

<i 

tt 

IM. 

tt 

.1510    - 

Sulphuric  Acid  . 

2.012 

U 

to 

30.98 

tt 

.0480    - 

Phosphoric  Acid    . 

8.164 

kt 

tt 

48.80 

u 

.0305    - 

Chlorine 

7.000 

u 

u 

107.8 

u 

.1260    - 

Anmaonia 

.770 

u 

to 

11.8 

u 

Potassium . 

2.500 

M 

M 

88.5 

•ft 

Sodium 

11.090 

tt 

tt 

170.78 

M 

Calcium 

.260 

u 

*• 

4. 

a 

Magnesium 

.207 

u 

U 

8. 

u 

72. 

Varidtions  In  the  Quantity  of  the  Constituents. — From  the  propor- 
tions given  in  the  above  table,  most  of  the  constituents  are,  even  in 
health,  liable  to  variations.  The  variations  of  the  water  in  different 
seasons,  and  according  to  the  quantity  of  drink  and  exercise,  have  al- 
ready been  mentioned.  The  water  of  the  urine  is  also  liable  to  be  infin- 
enced  by  the  condition  of  the  nervous  system,  being  sometimes  greatly 
increased,  e.g.,  in  hysteria  and  in  some  other  nervous  affections;  and  at 
other  times  diminished.  In  some  diseases  it  is  enormously  increased; 
and  its  increase  may  be  either  attended  with  an  augmented  quantity  of 
solid  matter,  as  in  ordinary  diabetes,  or  may  be  nearly  the  sole  change, 
as  in  the  affection  termed  diabetes  insipidus.  In  other  diseases,  e.g., 
the  various  forms  of  albuminuria,  the  quantity  may  be  considerably 
diminished.  A  febrile  condition  almost  always  diminishes  the  quantity 
of  water;  and  a  like  diminution  is  caused  by  any  affection  which  draws 
off  a  large  quantity  of  fluid  from  the  body  through  any  other  channel 
than  that  of  tlie  kidneys,  e.g.,  the  bowels  or  the  skin. 

Method  of  Entimating  tlie  SolUls.—A  useful  rule  for  approximately  estimating 
the  total  solids  in  any  given  specimen  of  healthy  urine  is  to  multiply  the  lait 
two  figures  representing  the  specific  gavit>'  by  2.33.  Thus,  in  urine  of  sp. 
gr.  1025,  2.33  X  25  =  58.25  grains  of  solids,  are  contained  in  1000  grains  of  the 
urine.  In  using  this  method  it  must  be  remembered  that  the  limits  of  errors 
are  much  wider  in  diseased  tlian  in  healthy  urine. 

Variations  in  the  Specific  Gravitj/.^The  average  specific  gravity  of 
the  human  urine  is  about  1020.  The  relative  quantity  of  water  and  of 
solid  constituents  of  which  it  is  composed  is  materially  influenced  by 
the  condition  and  occupation  of  the  body  during  the  time  at  which  it  is 
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etedj  by  the  length  of  time  which  has  elapsed  since  the  last  meal; 
d  by  several  other  accidental  c  ire  urn  stances.  The  existence  of  these 
Mms  of  difference  in  the  compoBition  uf  the  urine  has  led  to  the  secre- 
tion being  describoH  under  the  three  heads  of  Urina  ftanffuinis,  Urhm 
piitus^  and  Urina  cihu  The  first  of  these  names  signifies  the  urine,  or 
that  part  of  it  which  is  secreted  from  tiie  blood  iit  times  in  which 
neither  food  nor  drink  has  been  recently  taken,  and  is  applied  especially 
to  the  urine  which  is  evacuated  hi  the  morning  before  breakfast.  The 
terms  urina  pohts  indicsites  the  urine  secreted  shortly  alter  the  intro- 
duction of  any  considerable  quantity  of  fluid  into  the  body:  and  the 
urina  cibi^  the  portions  secreted  during  the  period  immediately  succeed- 
ing a  meal  of  solid  food.  The  last  kind  contains  a  larger  quantity  of 
Bolid  matter  than  either  of  the  others;  the  first  or  second,  being  largely 
diluted  with  water,  posau^es  a  comparatively  low  specific  gravity.  Of 
these  three  kinds,  the  morning  urine  is  the  best  adculated  for  analysis 
in  health,  since  it  represents  the  simple  secretion  unmixed  with  the 
elements  of  food  or  drink;  if  it  be  not  used,  the  whole  of  the  urine 
passed  during  a  period  of  twenty-four  hours  should  be  taken.  The 
specific  gravity  of  the  urine  may  thus,  consistently  with  health,  range 
widely  on  both  sides  of  the  usual  average.  It  may  vary  from  1015  in 
the  winter  to  1025  the  summer;  but  variations  of  diet  and  exercise,  and 
many  other  circumstant2cs,  may  make  even  greater  differences  than  these. 
In  diseiise,  the  variation  may  be  greater;  sometimes  descending,  in  albu- 
minuria, to  1004,  and  frequently  ascending  in  diabetes,  when  the  urine 
is  loaded  with  sugar,  to  1050,  or  even  to  lOCO, 

Qtianiiltf, — The  total  quantity  of  urine  passed  in  twenty-four  hours 
18  affected  by  numerous  circumstances.  On  taking  the  mean  of  many 
observations  by  several  experiments,  the  average  quantity  voided  in 
twenty-four  hours  by  healthy  male  adults  from  20  to  40  years  of  age 
has  been  found  to  amount  to  about  o2^  fltud  ounces  (1^  to  2  litres). 

Aitnormal  Consiituents.—ln  disease,  or  after  the  ingestion  of  special 
foods,  various  abnormal  substances  occur  in  urine,  of  which  the  follow- 
ing may  lie  mentioned — S^rnm-albutiiin^  Globulins,  Fi-nnents  (appa- 
rently present  in  health  also).  Proteoses,  Peptone,  Blood,  Sugar,  Bile 
aeid^  and  piffvienU,  Cash,  Fats,  various  Sails  taken  as  medicine,  Mirro- 
4^rganisms  of  various  kinds,  and  other  matters. 


The  Solids  of  the  Urine. 

Urea   (CHjN^O).— Urea  is  the  principal   solid  constituent  of  the 

!  urine,  forming  nearly  one-half  of  the   total  quantity.     It   is  also   the 

I  most  important  ingredient,  since  it  is  the  chief  substance  by  which  the 

nitrogen  which  is  derived  from  the  metabolic  changes  in  the  tissues  as 

well  as  that  which  is  5eriverl  from  any  superHuoua  food  is  excreted 
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Irom  the  body.  For  its  removal,  the  secretion  of  urine  geems  especially 
provided ;  and  by  its  retention  in  the  blood  the  most  pernicious  eflecti 
are  produced. 

ProptrUes, — Ureii,  like  the  other  solid  coostituents   of  the  tirine, 
exists  in  a  state  of  solution.     When  in  tlie  solid  state,  it  appears  in  the 


i 


fig.  aSG.— CiyflUlfl  of  Urea. 

form  of  delicate  sOvery  acicuiar  crystals,  which,  under  the  microscope, 
appear  as  four-sided  prisms  (fig.  285).  It  may  be  obtained  in  this  state 
by  evaporating  orine  carefully  to  the  consistence  of  honey,  acting  on 
the  inspissated  mass  with  four  parts  of  alcohol,  then  evaporating  the 
alcoholic  solution  to  dryness,  and  purifying  the  residue  by  repeated 
solution  in  water  or  in  alcohol,  and  finally  alio  wing  it  to  crystallize.  It 
readily  combines  with  some  acids,  like  a  weak  base:  and  may  thus  be 
conveniently  procured  in  the  form  of  crystals  of  nitrate  or  oxalah  a/j 
nrm  (figs.  28*)  and  :IH1). 

Urea  is  colorless  when  pure;   when  impure  it  may  be  yellow  or 
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Fig.  286.— CrFBtals  of  Urea  Ditrate. 


Ftg.  387.— CfTBtaU  of  Urea  oxaJate. 


brown:   it  is  without  smellj  and  of  a  cooling  nitre-like  taste;  it  hw 

neither  an  acid  nor  un  alkaline  reaction,  and  deliquesces  in  a  moist  and 
warm  atmosphere.  At  15°  C.  (59 ""  F.)  it  requires  for  its  solution  less 
than  its  own  weight  of  water;  it  is  dissolved  in  all  proportions  by  boil- 
ing  water  J  but  it  requires  five  times  its  weight  o^  cold  alcohol  for  its 
solution.     It  is  insoluble  in  ether.     At  120*^  C.  {:i48'^  F.)  it  melts  with- 
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out  undergoing  decoiBpOBitioB;  at  a  still  higher  temperature  ebullition 
takes  pkce.,  and  ciirbomtio  of  ammonium  sublimes.  When  heated  with 
water  in  a  sealed  tube  to  lOO*^  C,  urea  splits  up  into  carbonic  acid  and 
ammonia;  when  heated  to  a  high  temperature  urea  loses  ammonia  and 
first  yields  diuref,  C^II^NsOi,  which  gives  a  rose  color  with  caustic  potash 
and  a  trace  of  copper  sulphate,  and  afterward  cyanuric  acid,  C3H3O3NJ, 
which  gives  a  violet  color  with  caustic  potash  and  a  trace  of  copper  snl- 
phate.  It  is  decomposed  by  sodium  hypochlorite  or  liypobroniite  or  by 
nitrous  acid,  with  evolution  of  K,  It  forms  compounds  with  acids,  of 
irhich  the  chief  are  urea  hydrochloride,  CU^NjOJICL;  nrea  nitrate, 
CHiNjOHNOa;  and  urea  phosphate,  CH^NiO.HaPOi.  It  forms  com- 
pounds with  metals  such  as  HgO.CHiNaO;  with  si  Ivor  CHaNjOAgt; 
and  with  salts  such  as  IlgCla  and  HgNOg. 

Cliemical  Nature, —  Urea   is   isomeric  with   ammonium   cyanate 
NH4,CN0,     It  was  first  of  all  artificially  prepared  from  that  substance. 


I 


It  may  also  be  produced  artificially  h^  treating   carbon yl  chloride  (CO  Cli) 
with  ammonia:  or  IryJieatijig  ethyl  carbonate  with  amtnonia  CO  Q^*'n*  +  S  NH,  — 

(X)N*H,  2C4H«0;  by  heating  ammonitim  carbonate  CO  qJJ|j  ^CONgH^-f 
H»0 '.  by  adding  water  to  cyanamide  CN.  NH,,  or  by  evaporating  ammonium 
cyanate  in  aqiiemis  solution. 


It  is  usually  considered  to  he  a  diamide  of  carbonic  acid,  in  other 
words,  carbonic  acid,  CO  (OH) '2,  with  two  of  hydroxyl,  {0H)'2t  replaced 
by  two  of  amidogen  (Nlla)^.  It  may  also  be  written  as  if  it  were  a 
raonaraide  of  carbamic  acid  (COOHKH2),  thus  CONHa.NIIa;  one  of 
amidogen,  NHa,  in  the  latter  replacing  one  of  hydroxyl  in  the  former. 
Decomposition  of  the  urea  with  development  of  aramoniura  carbonate 
takes  place  from  the  action  of  the  bacteria  (micrococcus  urese),  when 
urine  is  kept  for  some  days  after  being  voided,  and  explains  the  ammo- 
niacal  odor  then  evolved.  The  ure;i  is  sometimes  decomposed  before  it 
leaves  the  bladder,  when  the  mucouc^  membrane  is  diseased,  ami  the 
mucus  secreted  by  it  is  both  more  abundant,  and,  probably,  more  prone 
to  act  iiB  a  ferment;  but  decomposition  does  not  often  occur  unless 
atmospheric  germs  have  hud  access  to  the  urine. 

Variations  in  the  Quaniity  excreted, — The  quantity  of  urea  excreted 
i»,  like  that  of  the  urine  itself,  subject  to  considerable  variation.  For 
a  healthy  adult  about  512.4  grains  (about  33.18  grms.)  per  diem  may  be 
taken  as  rather  a  high  average.  Its  percentage  in  healthy  urine  is  from 
1,5  to  2.5.  Its  amount  is  materially  influenced  by  diet,  being  greater 
when  animal  food  ia  exclusivelj  used,  less  when  the  diet  is  mixed,  and 
least  of  all  with  a  vegetable  diet  As  a  rule,  men  excrete  a  larger  quan- 
tity than  women,  and  persons  in  the  middle  periods  of  life  a  larger 
quantity  than  infants  or  old  people.     The  quantity  of  urea  excreted  by 


396  nAXDBooK  of  physiology. 

children,  relatively  to  their  hody-weight,  is  much  greater  than  by  adults; 
Thus  the  quantity  of  urea  excreted  per  kilogram  of  weight  was  found  to 
be,  in  a  child,  0.8  grm.;  in  an  adult  only  0.4  grm.  Regarded  in  this 
way,  too,  the  excretion  of  carbonic  acid  gives  similar  results,  the  pro- 
portions in  the  child  and  adult  being  as  82 :  34. 

The  quantity  of  urea  does  not  necessarily  increase  and  decrease  with 
that  of  the  urine,  though  on  the  whole  it  would  seem  that  whenever  the 
amount  of  urine  is  much  augmented,  the  quantity  of  urea  also  is  usnaUj 
increased ;  and  it  appears  that  the  quantity  of  urea,  as  of  urine,  may  be 
especially  increased  by  drinking  large  quantities  of  water.  In  variooB 
diseases  the  quantity  is  reduced  considerably  below  the  healthy  stan- 
dard, while  in  other  affections  it  is  above  it. 


Qttantitative  Estimation. — There  are  two  chief  methods  of  estimating  the 
amount  of  urea  in  the  urine.  (1.)  By  decomposing  it  by  means  of  an  alkaline 
solution  of  sodium  hypobromite,  or  h3rpochlorite,  and  calculating  the  amoont 
in  a  measured  quantity,  by  collecting  and  measuring  the  amount  of  nitrogen 
evolved  under  such  circumstances.  Urea  contains  nearly  half  its  weight  cf 
nitrogen,  hence  the  amount  of  the  gas  collected  may  be  taken  as  a  measure  of 
the  urea  decomposed,  remembering  that  1  litre  of  nitrogen  at  the  standard 
temperature  and  pressure  weighs  14  X  .08936,  or  1.251  grms.  The  percentage 
of  iu«a  can  thus  be  readily  calculated  from  the  volume  of  nitrogen  evolved 
from  a  measured  quantity  of  the  urine,  but  this  calculation  is  avoided  by 
graduating  the  tube  in  which  the  nitrogen  is  collected  with  numbers  which 
indicate  the  corresponding  percentage  of  urea.  The  reaction  is  CONa  H4  + 
3NaBrO  +  2NaHO  =  3NaBr  +  SH^O  +  Na^CO,  +  N,.  (3. )  By  precipitating  the 
urea  by  adding  to  a  given  amount  of  urine,  freed  from  sulphates  and  phoe- 
phatos,  a  standard  solution  of  mercuric  nitrate  from  a  burette,  until  the  whole 
of  it  has  been  thrown  down  in  an  insoluble  form  ;  then  reading  oflF  the  exact 
amount  of  the  mercuric  nitrate  solution,  which  it  was  necessary  to  use.  As 
the  amount  of  urea  whicli  each  cubic  centimetre  of  the  standard  solution  will 
precipitate  is  previously  known,  it  is  easy  to  calculate  the  amount  in  the  sam- 
ple of  urine  taken.  The  i)recipitate  which  is  formed  was  generally  said  to  be 
composed  of  mercuric  oxide  and  urea.  Some,  however,  now  consider  that  it 
is  a  mixture  of  mercuric  nitrate  itself  and  urea. 


Uric  Acid  (C5TI4N4O3). — Uric  or  lithic  acid  is  rarely  absent  from 
the  urine  of  man  or  animals,  though  in  the  feline  tribe  it  seems  to  be 
sometimes  entirely  replaced  by  urea. 

Properties, — Uric  acid  when  pure  is  colorless,  but  when  deposited 
from  the  urine  is  yellowish-brown.  It  crystallizes  in  various  forms,  of 
which  the  most  common  are  smooth  transparent,  rhomboid  plates, 
diamond-shaped  plates,  hexagonal  tables,  etc.  (fig.  288).  It  is  odorless 
and  tasteless.  It  is  very  sli^rhtly  soluble  in  cold  water,  and  a  little  more 
so  in  hot  water,  quite  insoluble  in  alcohol  and  ether.  It  dissolves  freely 
in  solution  of  the  alkaline  carbonates  and  other  salts. 
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ifiviBte  quantity  of  uric  acid  varies  considerably  id  different 
luiiinabt  '^>  man,  and  MauiuiaJia  generally,  espi^i'ially  the  HeHiivora,  it  is 
cbmiMiratively  small.  Iti  tht*  whole  triVie  of  birds,  and  of  serpents,  ou  the  other 
hand,  the  iiuautitv  b  very  large,  greatly  exceeding  that  of  the*  urea.  In  the 
uriue  of  granivorouB  bird.H,  indeed,  urea  is  rarely  if  ever  found,  ite  place  being 
entirely  supplied  by  uric  acid. 

VariiUionH  in  Quantify.— IlXiq  qnnntity  of  uric  ncid,  like  that  of 
urea*  in  human  urine,  is  increased  by  the  use  of  unimal  food,  and  de- 
creased by  the  use  of  food  free  from  nitrogen,  or  by  an  exclusively  vege- 
table diet.  In  most  febrile  diseases,  and  in  piethoni,  it  is  formed  in 
unnaturally  large  quantities;  and  in  gout  it  is  deposited  in  and  around 
joints,  in  the  form  of  urate  of  soda,  of  which  the  so-called  ehalk-stones 
of  this  dise^ise  are  principally  composed.  The  average  amount  secreted 
in  twenty-four  hours  is  about  one-third  of  a  gramme. 

Citnditian  in  the  Urine, — The  condition  in  which  uric  acid  exists  in 
eohition  in  the  urine  has  formed  the  subject  of  some  discussion.  The 
uric  acid  exists  as  unite  of  soda,  produced  by  the  uric  acid  as  soon  as  it 
is  formed  combining  with  part  of  the  base  of  the  alkaline  sodium  phos- 
phate of  the  blood.  Ilippnric  acid,  which  exists  in  human  urine  also, 
acts  upon  the  alkaline  phosphate  in  the  same  way,  and  increases  still 
more  the  quantity  of  acid  phosphate,  on  the  presence  of  which  it  is 
probable  that  a  part  of  the  natural  acidity  of  the  urine  depends.  It  is 
scarcely  possible  to  sjiy  whether  the  union  of  uric  acid  with  the  bases 
sodium  and  ammonium  takes  jdace  in  the  blood,  or  iu  tlie  act  of  secre- 
tion in  the  kidney:  the  latter  is  more  likely;  but  the  quantity  of  either 
uric  acid  or  urates  in  the  blood  is  probably  too  small  to  allow  of  this 
question  being  solved. 

Owing  to  its  existence  in  combination  in  healthy  urine,  uric  acid  for 
examination  must  general ly  be  prtH>ipitated  from  its  bases  by  a  stronger 
acid,  *•.//.,  hydrochloric  or  nitric.  When  excreted  in  excess,  however,  it 
is  deposited  in  a  crystalline  form  (fig.  i288),  mixed  with  large  quanti- 
ties of  ammonium  or  sodium  urate.  In  such  cases  it  may  be  produced 
for  microscopic  examination  by  gently  warming  the  portion  of  urine 
containing  the  sediment;  this  dissolves  urate  of  ammonium  and  sodium, 
while  the  comparatively  insoluble  crystals  of  uric  acid  subside  to  the 
bottom. 

The  most  common  foTni  in  which  uric  acid  is  deposited  in  urine,  is 
that  of  a  brownish  or  yellowisli  pow^dery  fiubetanee,  consisting  of  gnm- 
vXm  of  ammonium  or  sodium  urate.  When  deposited  in  crystals,  it  is 
roost  frequently  in  rhombic  or  diiimond-shaped  lamina?,  but  <»thcr  forms 
are  not  uncommon  (fig.  288).  When  deposited  from  urine,  the  crystals 
are  generally  more  or  less  deeply  colored,  from  being  combined  with 
the  coloring  priucijdes  of  the  urine. 

Tests. — There  are  Iwo  chief  tests  for  uric  acid  besides  the  micro- 
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scopic  evidence  of  its  crystalline  Btnicture;  (1)  The  Mureixide  ferf, 
which  consistB  of  evaporating  to  dryness  a  mixture  of  strong  nitric  acid 
and  uric  acid  in  a  water  bath.  This  leaves  a  jellowisb-red  residae  of 
Alhxan  {QMz'^'iQi)  and  urea,  and  on  addition  of  ammonium  hydrute.a 
heaiitiftil  purple  color  (ammonium  pnrpumte,  CsH4(Nll4)N50«),  deep- 
ened on  addition  of  canstic  potash,  takes  place.  (2)  Schiff^^s  Uj*t  cou- 
fiists  of  dissolving  the  uric  acid  in  sodium  carbonate  solution,  and  of 
dropping  some  of  it  on  a  filter  paper  moistened  with  silver  nitrate,  A 
black  spot  appears,  which  corresponds  to  the  reduction  of  silver  by  tbe 
uric  acid. 

Hippunc  Acid   (GiIIi*NOs)   has  long  been  known  to  exist  in  thf 
urine  of  herbivorous  animals  in  combination  with  soda.     It  also  emU 


Tig.  288.— Varioua  forma  of  urfq  acid  crystals. 


V\g.  280,— CtystaJa  of  hippuHe  *cid. 
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naturally  in  the  urine  of  man,  in  a  quantity  equal  or  rather  exceeding 
that  of  the  uric  acid. 

The  quantity  of  hippuric  acid  excreted  is  increased  by  a  vegetable 
diet.  It  appears  to  be  formed  in  the  body  froni  benzoic  acid  or  from 
some  allied  substance.  The  benzoic  acid  unites  with  glycin,  probably 
in  the  kidneys,  and  hippuric  acid  and  water  are  formed  thus,  CtH^Oi 
(Benzoic  acid)  +  CaHaNOa  (Glycin)  =  Cai^NOa  (Hippuric  acid)  +  HaO 
(water).     It  may  be  decomposed  by  acids  into  benzoic  acid  and  glycin. 

Froperiim, — ^It  is  a  colorless  and  odorless  substance  of  bitter  taste, 
crystallizes  in  semi-transparent  rhombic  prisms  (fig.  289).  It  is  more 
soluble  in  cold  water  than  uric  acid,  and  much  more  soluble  in  hot 
water.     It  is  soluble  in  iilcobol.  M 

Pigments. — ^The  pigments  of  the  urine  are  the  following: — 1*  Fro-™ 
chrome,  a  yellow  coloring  matter,  giving  no  absorption  band;  of  which 
but  little  is  known.  Urine  owes  its  yellow  color  mainly  to  the  prefix 
enee  of  this  body.  2.  Urobilin,  s^n  orange  pigment,  of  which  traces  may 
be  found  in  nearly  all  urines,  and  which  is  especially  abundant  in  the 
urines  passed  by  febrile  patients.  It  is  characterized  by  a  well-marked 
spectroscopic  absorption  band  at  the  junction  of  green  and  blue,  best 
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sn  in  acid  solutions;  and  by  giving  a  green  fluorescence  when  exoees 
of  ammonia  with  a  little  chloride  of  zinc  is  added  to  it.  The  very 
Texed  question  of  the  relation  of  the  pigments  of  nrine  to  bile  pigments 
turns  largely  upon  the  spectroscopic  appeurances  of  urobilin ;  for  orange- 
colored  solutions  having  the  same  absorption  hand  as  urobilin  may  be 
prepared  from  bile  pigments  in  two  different  ways— i,  by  reduction  with 
Bodium  amalgam — Htjdrolnlirubin  (Maly);  li,  by  oxidation  with  nitric 
acid — Chohtelin  (Jaffe),  and  both  these  bile  derivatives  give  a  fluores- 
cence with  ammonia  and  a  drop  of  chloride  of  zinc.  It  is  not  satisfac- 
torily settled  which  of  these,  if  either,  is  the  same  as  urobilin  of  urine. 
It  is  worth  noting  that  choletelin  may  be  oxidized  a  stage  further;  it 
then  loses  its  absorption  band,  remaining  however  of  a  yellow  color.  It 
is  very  possible  that  the  urochrome  of  normal  urine  may  be  this  oxi» 
dized  choletelin,  and  that  the  presence  of  the  absorption  band  of  nrobilin 
in  urines  may  mean  that  some  of  the  pigment  is  in  the  stage  of  cholete- 
lin; t.e'.,  that  its  oxidation  is  not  quite  completed. 

Those  who  believe  urobilin  to  be  identical  with  hydrobilirubin  sup- 
pose that  the  bilirubin  is  reduced  by  the  putrefactive  processes  in  the 
intestines,  and  is  convoyed  in  its  reduced  form  by  the  blood  stream  to 
the  kidneys. 

3.  Uro-enjthrin  is  the  pigment  which  is  found  in  the  pink  deposits 
of  urates  which  are  sometimes  seen  in  urines ;  it  commnnicateB  a  rich 
red-orange  color  to  urine  when  in  solution,  and  its  solutions  have  two 
broad  faint  absorption  bands  in  the  green, 

4  Uromelanin,  When  urine  is  boiled  with  strong  acids  it  darkens 
to  a  reddish- brown  color.  This  change,  once  described  to  the  forma- 
tion of  a  new  pigment  uromelanin,  is  now  believed  to  be  due  to  the 
presence  in  urine  of  pyrocatechin  and  allied  bodies  which  are  capable 
of  taking  up  oxygen  when  boiled  with  acids,  yielding  COj  and  brown 
or  black  residual  products, 

5,  Indigo  is  rarely  found  in  urines,  to  which  it  may  communicate  a 
blue  or  green  colon  Urine  frequently  contains  a  compound  which  is 
either  a  glucoside,  Indicmi;  or  mere  probably  a  salt  of  indosyl-sulphuric 
acid»  It  yields  indigo  blue  when  treated  with  strong  hydrochloric  acid 
and  left  to  stand  for  some  hours  exposed  to  the  air;  the  indigo  may  be 
separated  by  treatment  with  boiling  chloroform,  which  takes  it  up, 
forming  a  blue  solution. 

There  is  a  similar  compound  of  skatol  and  sulphuric  acid  which  is 
sometimes  recognized  in  the  urine,  by  the  production  of  a  red  color 
when  nitric  acid  is  added  to  it. 

Many  medicinal  substances  color  the  urine,  for  instance  Bhubarb, 
Santonin,  Senna,  Fuchsine,  Carbolic  Acid. 

Bromides  and  Iodides  yield  Bromine  or  Iodine,  when  nitric  acid  is 
added  to  the  urine  of  patients  taking  these  drugs.    In  the  case  of  iodides 
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the  liberated  iodine  communicates  a  strong  mahogany  color  to  the  urine 
thus  treated. 

Mucus. — Mucus  in  the  urine  consists  principally  of  the  epithelial 
debris  from  the  mucous  surface  of  the  urinary  passages.  Particles  of 
epithelium^  in  greater  or  less  abundance^  may  be  detected  in  most  vun- 
pies  of  urine,  especially  if  it  has  remained  at  rest  for  some  time,  and  the 
lower  stmta  are  then  examined  (fig.  290).  As  urine  cools,  the  mnciuiK 
sometimes  seen  suspended  in  it  as  a  delicate  opaque  cloud,  but  generallj 
it  falls.  In  inflammatory  affections  of  the  urinary  passages,  especially 
of  the  bladder,  mucus  in  large  quantities  is  poured  forth,  and  speedily 
undergoes  decomposition.  The  presence  of  the  decomposing  mncDK 
excites  chemical  changes  in  the  urea,  whereby  carbonate  of  ammonium 
is  formed,  which,  combining  with  the  excess  of  acid  in  the  snperphoB> 
phates  in  the  urine,  produces  insoluble  neutral  or  alkaline  phosphates 
of  ciileium  and  magnesium,  and  phosphate  of  ammonium  and  magne- 
sium. These,  mixing  with  the  mucus,  constitute  the  peculiar  white, 
viscid,  mortar-like  substance  which  collects  upon  the  mucous  surface  of 
the  bladder,  and  is  often  passed  with  the  urine,  forming  a  thick  teoa- 
cious  sediment. 

Extractives. — In  addition  to  those  already  considered,  urine  con- 
tains a  considerable  number  of  nitrogenous  compounds.  These  are 
usually  described  under  the  generic  name  of  Extractives.  Of  these,  the 
chief  are:  (1)  Kreatinin  (C4H7N3O),  a  substance  derived,  probably, from 
the  metamorphosis  of  muscular  tissue,  crystallizing  in  colorless  oblique 
rhombic  prisms;  a  fairly  definite  amount  of  this  substance,  about  15 
grains  (1  grm.),  appears  in  the  urine  daily,  so  that  it  must  be  looked 
upon  as  a  normal  constituent;  it  is  increased  on  an  increase  of  the 
nitrogenous  constituents  of  the  food;  (2)  Xanthhi  (C5N4H4O2),  when 
isolated,  is  an  amorphous  powder  soluble  in  hot  water;  (3)  Sarkin, 
or  hiijw-xiuithin  (Cr,NJl40);  (4)  Oxaluric  acid  (C8II4N2O4),  in  combi- 
nation with  ammonium  in  the  urine  of  the  new-horn  child;  (5)  AUantoin 
(C4II6N4O3).  All  these  extractives  are  chiefly  interesting  as  being  closely 
connected  with  urea,  and  mostly  yielding  that  substance  on  oxidation. 
Leucin  and  tyrosin  can  scarcely  be  looked  upon  as  normal  constituents 
of  urine. 

Saline  Matter. — (a)  The  Sulphuric  acid  in  the  urine  is  combined 
chiefly  or  entirely  with  sodium  or  potassium;  forming  salts  which  are 
taken  in  very  small  quantity  with  the  food,  and  nre  scarcely  found  in 
other  fluids  or  tissues  of  the  body;  for  the  sulphates  commonly  enumer- 
ated among  the  constituents  of  the  ashes  of  the  tissues  and  fluids  are 
for  the  most  part,  or  entirely,  produced  by  the  changes  that  take  place 
in  the  burning.  Only  about  one-third  of  the  sulphuric  acid  found  in 
the  urine  is  derived  directly  from  the  food  (Parkes).  Hence  the  greater 
part  of  the  sulphuric  acid  which  the  sulphates  in  the  urine  contain. 
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St  be  formed  in  the  blood,  or  in  the  act  of  secretion  of  urine;  the 
sulphur  of  which  the  acid  is  formed  being  probjibly  derived  from  the 
docompoeing  nitrogenous  tissues,  the  other  elements  of  which  are  re- 
ived into  nrea  and  uric  acid.  It  may  be  in  part  derived  also  from  the 
ilphur-holding  tuurin  and  n/Mfi'n,  which  can  be  found  in  the  liver, 
lungs,  and  other  parts  of  the  body,  bnt  not  generully  in  the  excretions; 
and  which,  therefore*  must  be  broken  up.  The  oxygen  is  supplied 
through  the  lungs,  and  the  heat  generated  during  combination  with  the 
sulphur  is  one  of  the  subordinate  means  by  which  the  animal  tempera- 
ture is  maintained. 

Besides  the  sulphur  in  these  salts,  some  also  appears  to  be  in  the 
urine  uncombined  with  oxygen;  for  after  all  the  sulphates  h:Lve  been 
removed  from  urine,  sulphuric  acid  may  be  formed  by  drying  and  burn- 


Fig.  ittW. 
WW,  no.— Mucus  deposited  from  mine. 


F1«.  20L 


TO.  Wl.— Urtnftrr  sKlimeiit  of  triple  pbosphAtes  (lArge  ,'prismadc  crystak)  mad  urate  of  ammo. 
nftUD,  mHn  uflne  wbich  had  underKone  alkallBe  fermenlatlchn. 


ing  it  with  nitre.  From  three  to  fivo  grains  of  sulphur  are  thus  daily 
excreted.  The  combination  in  which  it  exists  is  uncertain;  possibly  it 
ifl  in  some  compound  analogous  to  cystin  or  cystic  oxide.  Sulphuric 
acid  also  exists  normally  in  the  urine  in  combination  with  phenol 
(CfHuO)  as  phenol-sulphuric  acid  or  its  corresponding  salts,  with 
sodium^  etc. 

(b)  The  phosphoric  acid  m  the  urine  is  combined  partly  with  the 
alkalies,  partly  with  the  alkaline  earths— about  four  or  five  times  as 
much  with  the  former  as  with  the  latter.  In  blood,  saliva,  and  other 
alkaline  fluids  of  the  body,  phospliatee  exist  in  the  form  of  alkaline, 
neutral,  or  acid  salts.  In  the  urine  they  are  acid  salts,  viz*,  the  sodium, 
ammonium,  calcium,  and  magnesium  phosphates,  the  excess  of  acid 
being  (Licbig)  due  to  the  Jippropriation  of  the  alkali  with  which  the 
phosphoric  acid  in  the  blood  is  combined,  by  the  several  new  acids 
which  are  formed  or  discharged  at  the  kidneys,  namely,  the  uric,  hip- 

-    puric,  and  snlphuric  acids,  all  of  which  are  neutralized  with  soda. 

1  26 
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The  phosphates  fire  taken  largely  in  both  vegetable  and  animal  food: 
some  thus  taken  are  excreted  at  once;  others,  after  being  tran&fomed 
and  incorporated  with  the  tissues.  Calcium  phosphate  forms  the  prin- 
cipal eartlij  constituent  of  boDe,  and  from  the  decomposition  of  the 
osseous  tissue  the  urine  derives  a  large  quantity  of  this  salt.  The  de- 
composition of  other  tissues  also,  but  especially  of  the  brain  and  nerve- 
Bubstaiice,  furnishes  large  eupiilies  ejf  phosphorus  to  the  urine,  wbicb 
phosphorus  is  supposed,  like  the  sulphur,  to  be  united  iifith  oxygen. auj 
then  combined  with  bases.  This  qtiantity  is,  however,  liable  to  oonsid- 
erable  variation.  Any  undue  exercise  of  the  brain  and  all  circametancei 
producing  nervous  exhaustion  increase  it,  Tlie  earthy  phosphates  ar« 
more  abundant  after  meals*  whether  of  animal  or  vegetable  food»a!)d 
are  diminished  after  long  fasting.     The  alkaline  phosphates  are  in- 


Fig,  tJSJ3.-Cr3.stalHof  Cystin. 


Fig.  3»3."Crystal»  of  Calcium  OraUt*. 


creased  after  animal  food,  diminished  after  vegetable  food.  Exercide 
increases  the  idkalitie,  but  not  the  earthy  phosphiites*  Phosphona 
uneooibined  with  oxygen  appears,  like  sulphur,  to  be  excreted  in  the 
urioe.  When  the  urine  nnilergous  alkaline  fermentation  phosphates  are 
deposited  in  the  form  of  a  urinartf  sediment^  consisting  chiefly  of 
aminonio-mangesium  phosphates  (triple  phosphate)  (fig.  291),  Thia 
compound  does  not,  as  such,  exist  in  healthy  urine.  The  ammoaiais 
chiefly  or  wholly  derived  from  the  decomposition  of  urea. 

{i\)  The  Chhrint'  of  the  urine  occurs  chiefly  in  combination  with 
sodium  (next  to  urea,  sodium  chloride  is  the  most  abundant  soh'd  con- 
stituent  of  the  urine),  but  slightly  also  with  ammonium,  and,  perhaps, 
potassium.  As  the  chlorides  exist  largely  in  food,  and  in  most  of  tbe 
animal  fluids,  their  occurrence  in  the  urine  is  easily  understood. 

Occasional  Constituents. -Q/.*/m  (CsHtN  SOa)  (fig.  tn) 
occasional  constituent  of  urine.     It  resembles  taurin  in  oo." 
large  quantity  of  sulphur— more  than  25  per  cent.     It  dof*- 
healthy  urine. 

Another  common  morbid  constituent  of  the  uri 
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which  is  frequently  deposited  in  combination  with  ealciura  (fig.  293)  as 
n  urinary  sediment.  Like  cyst  in,  but  much  more  commonly,  it  ie  the 
chief  constituent  of  certain  calculi. 

Of  tbe  other  abnormal  constituents  of  the  urine  which  were  men- 
tioned on  p.  46,  it  will  be  unnecessary  to  speak  at  length  in  this  work. 

Gases.— A  small  quantity  of  gas  is  naturally  present  in  the  urine  in 
a  state  of  solution.  It  consists  of  carbonic  acid  (chiefly)  and  nitrogen 
and  a  small  quantity  of  oxygen. 

The  Method  of  the  Excretion  of  Urine. 

The  excretion  of  the  urine  by  the  kidney  is  believed  to  consist  of 
two  more  or  less  distinct  processes — viz.,  (1)  o/  Filtration^  by  which 
the  water  and  the  ready-formed  salts  are  eliminated ;  and,  {2}  of  True 
Secretion,  by  which  certain  subetances  forming  tiae  chief  ajid  more  im- 
portant part  of  the  urinary  solids  are  removed  from  the  blood*  This 
division  of  function  corrcfipondK  more  or  less  to  the  division  in  the 
functions  of  other  glands  of  which  we  have  already  treated.  It  will  be 
as  well  to  consider  them  separately, 

Ftltration.— This  part  of  the  renal  function  is  performed  within 
the  Malpighian  corpuscles  by  tbe  renal  glomeruli.  By  it  not  only  the  water 
is  stniined  off,  but  also  certain  other  constituents  of  the  urine,  e.g,, 
sodium  chloride,  are  separated.  The  amount  of  the  fluid  filtered  off  de- 
pends almost  entirely  upon  the  blood-pressure  in  tbe  glomeruli. 

The  greater  the  blood-preasure  in  the  arterial  system  generally,  and 
consequently  in  the  renal  arteries,  the  greater,  cwieri^  parihfts^  will  be 
the  blood-pressure  in  the  glomeruli,  and  tbe  greater  the  quantity  of 
urine  sepanited ;  but  even  without  increase  of  the  general  blood-pres- 
sure, if  the  renal  arteries  be  locally  dilated,  the  pressure  in  the  glomeruli 
will  be  increased  and  with  it  tbe  secretion  of  urine*  All  the  Ciuises, 
therefore,  which  increase  the  general  blood-pressure  will  secondarily 
increase  the  secretion  of  urine.     Of  these — 

(1)  The  heart*s  action  is  amongst  the  most  important  When  the 
cjirdiac  contractions  are  increased  in  force  or  frequency,  increased 
diuresis  is  the  result. 

(2)  Since  the  connection  between  the  general  blood-pressure  and  the 
nervous  system  is  so  close  it  will  be  evident  that  tbe  amount  of  urine 
secreted  depends  greatly  u|>on  the  influence  of  the  latter.  This  may  be 
demonstrated  experimentally.  Thus,  division  of  the  spinal  cord,  by 
producing  general  vascular  dilatation,  causes  a  great  diminution  of  blood- 
pressure,  and  so  diminishes  the  amount  of  water  passed;  since  the  local 
dilatation  in  the  renal  arteries  is  not  sofficient  to  counteract  the  general 
diminution  of  pressure.  Stimulation  of  the  cut  cord  produces,  strangely 
enough,  the  same  results— i.^.,  a  diminution  in  the  amount  of  the  urine 
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paseeil,  but  in  a  different  way,  viz.,  by  constricting  the  arteries  generally, 
and,  among  others,  the  renal  arteries;  the  diminution  of  blood-preaui^ 
resulting  from  the  locul  resistance  in  the  renal  arteries  being  mort 
potent  to  diminish  blood-pressure  in  the  glomeruli  than  the  general 
increase  of  blood-pressure  ia  to  increase  it.  Section  of  the  renal  nen« 
which  produces  hral  dilatation  without  greatly  dirainisbing  the  general 
blood-pressure  will  cause  an  increuee  in  tbe  quantity  of  fluid  pagsed« 

(3)  The  fact  that  in  summer  or  in  hot  weather  the  urine  is  dimiD- 
ished  may  be  attributed  partly  to  the  copious  elimination  of  water  by 
the  skin  in  the  form  of  sweat  which  occurs  in  summer,  as  contra£t«d 
with  the  greatly  diminished  functional  activity  of  the  skin  in  winteTi 


Fig.  894. — Diafrram  of  Rtny'h  Outtjui^^tt-r.  a,  repr«*eijits^  tii^  kki^uey  iaoloaed  In  m  metal  bos, 
which  opetii  by  hing^f;  b,  the  T«iua  veweJs  «tict  duct.  SiirroundiQjs:  Ihe  kldiinr  are  two  efaatnhat 
formed  by  meDibraiie^,  the  edgtm  of  which  are  tircnly  fiicetl  hy  belni^  clamped  between  tbe  ouiaide 
metal  capsule,  aad  uue  luot  i^r-esefited  Id  tbe  figured  ioside,  Lbe  two  belni;  flrmlj  screwed  ia|{etlifBr 
by  screws  at  A,  and  below:  Tbe  iiif  othraaouH  chamber  below  is  ftllefi  wii}ii  a  vaiyliig^  mBkoaut  cf 
warm  oil,  ai*cordiuf?  ti>  die  kIz^  of  tbe  kidney  ejcperimented  with,  tlirouj^b  tbe  openlSMS  tlm  dand 
with  the  plug  I.  After  tbe  kidnev  ima  IxM-n  inclrw<?d  in  the  capsule,  the  m em bratioi  is  chamber  aboi« 
Ib  filled  with  warm  oil  throuj^h  the  tube  f,  vhlch  i^  then  uloeed  by  a  tap  inot  rvpr^seoted  Id  tite 
dlaflrrao));  the  tuberj  communienu^  with  a.  ri^xirdioj,;  apfuiratus,  andauy  alleratioD  in  tbe'vodmae 
of  tne  kidney  is  commuuleaied  by  the  oil  ia  the  ttjbe  to  ilits  chamber  d  of  the  CHsooiEraph,  tUS'  8B. 

but  also  to  the  dikted  eoTidition  of  the  vessels  of  the  skin  causing  a 
decrease  in  the  general  blood-pressure.  Thus  we  see  that  in  regard  to 
the  elimination  of  water  from  the  system,  the  skin  and  kidneys  perform 
similar  functions,  and  are  capable  to  some  extent  of  acting  vicariously, 
one  for  the  other.  Their  relative  activities  are  inversely  proportional 
to  each  other. 

Tlie  intimate  conuectiou  which  exists  between  tbe  volume  of  the  kidncj 
aud  the  rariations  of  blood -pressure  is  exceetJingly  well  shown  with  the 
Oncometer,  introduced  by  Hoy.  which  is  a  modification  of  the  plethysmo- 
in"aph.  fig.  294.  By  means  of  this  apparatus  any  alteration  in  the  Tolume  of 
the  kidney  is  communicated  to  an  apparatus  [oncograph],  capable  of  recording 
graphically^  with  a  writing  lever,  such  variations^ 
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It  haa  been  found  that  the  kidney  is  extremely  sensitiye  to  any 

Iteration  in  the  general  blood-pressure,  every  fsill  in  the  general  blood- 

Cireaaure  being  accompanied  by  a  decreuse  in  the  volome  of  the  kidney, 

und    every  rise,  unless   produced  by  considerable  couBtriction  of   the 

Iperipheral  veeselsj  including  those  of  the  kidney,  being  accompanied  by 

correfiponding  increase  of  volume.     Increase  of  volume  is  followed 

[by  an  increase  in  the  amount  of  urine  secreted,  and  decrease  of  volume 

iby  a  decrease  in  the  secretion.     In  addition,  however,  to  the  response  of 

the  kidney  to  alterations  in  the  genemi  blood-pressure,  it  has  been 

[further  observed  that  certain  substances,  when  injected  into  tbe  blood, 

[will  also  produce  an  increase  in  volume  of  the  kidney,  and  consequent 

icreaaed  flow  of  urine,  without  affecting  the  general  blood-pressure — 


mm^tmt 


FIr.  896.— Roy*BOn€oj!Tiitph,  or  ariMirattia  for  rcMTordinsr  altpratlotjs  \n  the  volume  of  the  kldnejt 
-Jm  ••  alMOwn  by  the  oncomti^ti-r— *i.  upright.  !supi*ortfifK  ri^-"r*iinj?  lever  L  wliiclh  is  rai»i*d  or  lowered 
i%j  Boedle  b,  which  works  throuK'h  /.  and  which  iii  attAchfd  tu  the  ]iLsion  e,  workiDK  hi  tiit>  chamber 
I'iC  with  which  tije  tube  f r*iin  the  oocomet4?r cnTiniiuniciir«»9.  The  oil  in prevenu^l  from  Irt-ing 9t|u«eaed 
|OUt  as  tliepi«(oa  de«cendH  hy  a  meinbratm  which  i^i  clamped  l'>etw«>**D  the  rint;-ahapiedi  tmrtMXB  of 
lcjUDd«r  by  the  screw  (  working  upward;  tht>  tube  h  ia  for  filling  Uie  inBinuueiiU 


liach  bodies  as  sodium  acetate  and  other  diuretics,    The^ie  observations 
[Appear  to  prove  thsit  local  dihitation  of  the  renal  vessels  maybe  produced 
jby  alterations  in  the  blood  acting  upon  a  local  nervous  mechanism,  as  this 
ihappens  when  all  of  the  renal  nerves  have  been  divided.     The  altera- 
tions are  not  only  produced  by  the  additiou  of  drugs,  but  also  by  the  in- 
troduction of  comparatively  Bmall  quantities  of  water  or  saline  solution. 
To  this  alteration  of  the  blood  acting   upon  the  renal  vessels  (either 
directly  or)  through  a  local  vaso-motor  mechanism,  and  not  to  any  great 
alteration  in  the  general  blood -]»rcssure,  must  we  attribute  the  etTectB  of 
meals,  etc.,  observed  by  Koberts.     The  renal  excretion  is  increased  after 
meals  and  diminished"  during  fasting  and  sleep.     The  increase  begins 
within  the  first  hoar  after  breakfast,  and  continues  during  the  succeed- 
ing two  or  three  hours;  then  a  diminution  sets  in,  and  continues  until 
,  an  hour  or  two  after  dinner.     The  effect  of  dinner  does  not  appear  until 
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two  or  three  houra  after  the  meal;  and  it  reaches  its  maximum  aWnt 
the  fourth  hour.  From  this  period  the  excretion  steadily  decreafiei 
until  bed-time.  During  sleej?  it  sinks  still  lower,  and  reiiches  lU  mim- 
mum — being  not  njoro  than  one- third  of  the  quantity  excreted  during 
the  hours  of  digestion.  The  increased  amount  of  urine  passed  suiter 
drinking  large  quatitities  of  fluid  probably  depends  upon  the  diluted 
condition  of  the  blood  thereby  induced. 

The  following  table*  will  help  to  explain  the  dependence  of  the 
filtration  function  upon  the  blood-pressure  and  the  nervous  system:— 


Table  of  the  relation  of  the  secretion  of  Urine  to  Artbblai.  Pbbssueil 

A,  Secretion  of  urine  may  be  increased— 

a.   By  iticirasing  the  gvtiertd  bloml-jtrcssure:  by 

1.  InorBBiSe  of  the  force  or  freqtienty  of  heart-beat. 

2.  Constriction  of  the  small  arteries  of  areas  other  tliaii  that  cif  tbe 

kidney. 
Ik  By   i^icreasing   the   local   blood- pressure^   by  rdtixation   of   the  rtnat 
artery,  xcithout  eojn2>etisatiug  rehurafimt  d^ewh^re ;  by 
*  1.  Division  of  the  renal  nerves  (causing  ixslyiiria), 

2.  Division  of  the  renal   nerves  and  stimulation  of   the   cord,  below 

the  medulla  (causing  greater  polyuria). 

3.  Division  of  the  aplanehnic  nerves;    hut  the  polyuria  productni  in 

less  than  in  1  or  2,  as  these  Dervca  are  distributed  to  a  wider 
area,  and  the  dilatation  of  the  renal  artery  ia  accompanied  by 
dilatation  of  other  veaseb,  and  therefore  with  a  somewhat  di- 
minished general  blood  supply. 

4.  Puncture  of   the  floor  of  fourth  ventricle  or  mecbanical  irritatioQ 

of  the  8U|>erior  cervical  ganglion  of  the  sympathetic,  possibly 
from  the  production  of  dilation  of  the  renal  arteriee. 

B.  Secretion  of  udne  may  be  diminished 

a.  Bif  dimiHishing  the  general  blood -presmtre;  by 

1.  Diminution  of  the  force  or  frequency  of  the  heart- beats. 

2.  Dilatatifjn  of  capillary  areas  other  than  that  of  the  kidney. 

3.  Division  of  f^pinal  cord  below  the  methdla»  which   causes  dilftta- 

tion  of  general  abdominal  area,  and  urine  generally  ceiiBea 
being  secreted. 

b.  By  inenrtsing  the  biofxl-premnrf,  by  stimulation  of  the  spinal  cord 

below  the  medulla,  tlie  constriction  of  the  renal  arterj'*  which  folio wsv 
not  being  compeuHated  for  by  the  increase  of  general  blood -pfessure. 

c.  By  t^iintricium   of  the   ratal   artery,    by    stimulating    the   renal  or 

splanchnic  nerves,  or  the  spinal  cord. 

Although  it  is  convenient  to  call  the  processes  which  go  on  in  the 
renal  gloraeruli,  filtration,  there  is  reason  to  believe  that  they  are  not 
absolutely  mechanical,  as  the  term  might  seera  to  imply,  since,  when  the 
epithelium  of  the  Malpighiim  capsule  hits  been,  as  it  were,  put  out  of 
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order  by  ligature  of  the  renal  artery,  on  removal  of  the  ligature,  the 
urine  haa  been  found  temporarily  to  contain  albumen,  indicating  that  a 
selective  power  resides  in  the  healthy  epithelium,  which  allows  certain 
constituent  parts  of  the  blood  to  be  tiltered  oH,  and  not  others. 

Secretion. — That  there  is  a  second]  part  in  the  process  of  the  exore* 
tion  of  urine,  which  is  true  secretion,  is  suggestud  by  the  structure  of 
the  tubuli  uriniferi,  and  tlie  idea  is  supported  by  various  experiments. 
It  will  be  remembered  that  the  convoluted  portions  of  the  tubules  are 
lined  with  an  epithelium,  which  bears  a  close  resembkinco  to  the  secre- 
tory epithelium  of  other  glands,  whereas  the  Malpighian  capsules  and 
portions  of  the  loops  of  Ilenle  are  lined  simply  by  flattened  epithelium. 
The  two  functions  of  the  different  parts  of  an  uriniferous  tube  are,  then, 
suggested  by  the  ditTerences  of  epithelium,  and  also  by  the  fact  that  the 
blaod  supply  to  the  different  parts  is  different,  since,  as  we  have  seen. 


I 


Fig.  91»,— Carre  t&k«o  by  rrmaJ  oac 
rt,  Kidney  cur^ 


a— witb  thAt  of  onJinwry  blood-] 
ure  curve.    (Hoy.) 


the  convoluted  tubes  are  surrounded  by  capillary  vessels  derived  from 
the  breaking  up  of  the  efferent  vessels  of  the  Malpighian  tufts.  As  to 
the  functions  of  the  different  parts  of  the  uriniferous  tubes  in  the 
secretion  of  urine,  two  chief  theories  have  been  brought  forward.  The 
first,  suggested  by  Bowman  (184!;2),  and  still  generally  accepted,  is  that 
the  cells  of  the  convoluted  tubes,  by  a  process  of  true  secretion,  separate 
from  the  blood  substances  such  as  urea,  whereas  from  the  glomeruli 
are  separated  the  water  and  the  inorganic  salts.  The  second,  suggested 
by  Ludwig  (1844),  is  that  in  the  glomeruli  are  filtered  off  from  the 
blcM>d  all  the  constituents  of,  the  urine  in  a  very  diluted  condition. 
When  this  passes  along  the  tortuous  uriniferous  tube,  part  of  the  water 
is  re-absorbed  into  the  vessels  surrounding  them,  leaving  the  urine  in 
a  more  concentrated  condition^retaining  all  its  proper  constituents. 
This  osmosis  is  promoted  by  the  high  specific  gravity  of  the  blood  in 
the  capillaries  surrounding  the  convoluted  tubes,  but  the  return  of  the 
urea  and  similar  substances  is  prevented  by  the  secretory-epithelium  of 
the  tubules.  The  first  theory  is,  however^  more  strongly  supported  by 
direct  experiment 

By  using  the  kidney  of  the  newt,  which  has  two  distinct  vascular 
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supplies,  one  from  the  rennl  artery  to  the  glomeruli,  and  the  oilier  from  I 
the  renn]-portal  vein  to  the  convohited  tubes,  Nussbaum  lias  shown  that  I 
certain  subataiices,  e.g.,   peptouea  aud   sugar,  when  injected  into  ihe  | 
blood,  are  eliminated  by  the  glomeruli^  and  so  are  not  got  rid  of  when  J 
the  renal  arteries  are  tied;  whereas  certain  other  Bubstances,  e.^.,  nresj 
when  injected  into  the  bloody  are  eliminated  by  the  convoluted  tub^ 
even  when  the  renal  arteries  have  been   tied.     This  evidence  is  very 
direct  that  urea  is  excreted  by  the  convoluted  tubes,  that  is  to  say,  if  it 
18  certain  that  ligature  of  the  renal  artery  assists  the  circulation  through 
the  glomeruli,  which,  however,  is  denied  by  Adami. 

Ileidenhain  also  hasshowo  by  experiment  that  if  a  substance  (dodiQm 
sulph-indigotate),  which  ordinarily  produces  blue  urine,  be  injeetad 
into  the  blood  after  section  of  the  medulla  which  causes  lowering  of  the 
blood-pressure  in  the  renal  glomeruli,  that  when  the  kidney  is  examined^ 
the  cells  of  the  convoluted  tubulea  (and  of  these  alone)  are  stained  with 
the  substance,  which  is  also  found  in  the  lumen  of  the  tubules*  Thir 
appears  to  show  that  under  ordinary  circumstances  the  pigment  at  any 
rate  is  eliminated  by  the  cells  of  the  convoluted  tubules,  and  that  when 
by  diminishing  the  blood-pressure,  the  filtration  of  urine  ceases,  the 
pigment  remaine  in  the  convoluted  tubes,  and  is  not,  as  it  is  under 
ordinary  circumstances,  swept  away  from  them  by  the  flushing  of  them 
which  ordinarily  takes  place  with  the  watery  part  of  urine  derived  from 
the  glomeruli.  It  therefore  is  probable  that  the  cells,  if  they  excrete 
the  pigment,  excrete  urea  and  other  substances  also.  But  urea  acts 
somewhat  differently  to  the  pigment,  as  when  it  is  injected  into  the 
blood  of  an  animal  in  which  the  medulla  has  been  divided,  and  the 
secretion  of  urine  stopped,  a  copious  secretion  of  urine  results,  which 
is  not  the  case  when  the  pigment  is  used  instead  under  similar  condi- 
tions. The  flow  of  urine,  independent  of  the  general  blood -pressure, 
might  be  supposed  to  be  due  to  the  action  of  the  altered  blood  upon 
some  local  vaso-motor  mechanism;  and,  indeed,  the  local  blood-pressure 
is  directly  aUected  in  this  way,  but  there  is  reason  for  believing  that  , 
part  of  the  increase  of  the  secretion  is  due  to  the  direct  stimulation  of  | 
the  cells  by  the  urea  continued  in  the  blood. 

To  sum  up,  then,  the  relation  of  the  two  functions:  (1.)  The  process  J 
of  filtration,  by  wiiich  the  chief  part^  if  not  the  whole,  of  the  fluid  i$ 
eliminated*  together  with  certain  inorganic  salts  and  possibly  other 
solids,  is  directly  dependent  upon  blood-pressure,  is  accomplished  by 
the  renal  glomeruli,  and  is  accompanied  by  a  free  discharge  of  solids 
from  the  tubules.  (2.)  The  process  of  secretion  proper,  by  which  urea 
and  the  principal  urinary  solids  are  eliminated,  is  only  iudirectly,  if  at 
all,  dependent  upon  blood-pressure,  is  accomplished  by  the  cells  of  the 
convoluted  tubes,  and  is  sometimes  (sis  in  the  case  of  the  elimination  of 
urea  and  similar  substances)  accompanied  by  the  elimination  of  copious 
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[fltiidt  produced  by  the  chemical  stimulation  of  the  epitheiiuin  of  the 
Imme  tubules. 


The  Passage  of  Urine  into  the  Bladder. 

As  each  portion  of  urine  is  secreted  it  propels  that  which  is  already 

[in  the  ariniferous  tubes  onward  into  the  pelvis  of  the  kidney.     Thence 

through  the  ureter  the  urine  passes  into  the  bladder,  into  which  its  rate 

And  niode  of  entrance  has  been  watched  in  cases  of  evtopia  vmicce,  /.«?,, 

of  such  fissures  in  the  anterior  or  lower  part  of  the  walls  of  the  abdo- 

[  men,  and  of  the  front  wall  of  the  bladder,  as  expose  to  view  its  hinder 

wall  together  with  the  orifices  of  the  ureters.     The  urine  does  not  enter 

the  bliidder  at  any  regular  rate,  nor  is  there  a  synchronism  in  its  move- 

i  ment  through  the  two  ureters.     During  fasting,  two  or  three  drops 

■  enter  the  bladder  every  minute,  each  drop  as  it  enters  first  raising  up 

the  little  papilla  on  which,  in  these  cases,  the  ureter  opens,  and  then 

t  passing  slowly  through  its  orifice,  which  at  once  again  closes  like  a 
sphincter.  In  fche  recumbent  posture,  the  urine  collects  for  a  little  time 
in  the  ureters,  then  flows  gently,  and,  if  the  body  be  raised,  runs  from 
them  in  a  stream  till  they  are  empty.     Its  flow  is  aided  by  the  peristaltic 

»  contractions  of  the  ureters,  and  is  increased  in  deep  inspiration,  or  by 
straining,  and  in  active  exercise,  and  in  fifteen  or  twenty  minutes  after 
a  meal.  The  urine  collecting  is  prevented  from  regurgitation  into  the 
ureters  by  the  mode  in  which  these  pass  through  the  walls  of  the  blad- 
der, namely,  by  their  lying  for  between  half  and  three-quarters  of  an 
inch  between  the  muscular  and  mucous  coats  before  they  turn  rather 
abruptly  forward,  and  open  through  the  latter  into  the  interior  of  the 
bladder. 

Micturition. — The  contraction  of  the  muscular  walls  of  the  bladder 
may  by  itself  expel  the  urine  witli  little  or  no  help  from  other  muscles. 
In  80  far,  however,  as  it  is  a  voluntary  act,  it  is  performed  by  means  of 
the  abdominal  and  other  expiratory  muscles^  which  in  their  contraction, 
as  before  explained,  press  on  the  abdominal  viscera,  the  diaphragm  being 
fixed,  and  cause  the  expulsion  of  the  contents  of  those  whose  sphincter 
muscles  are  at  the  same  time  relaxed.  Tlie  muscular  coat  of  the  blad- 
der Ijo-operates,  in  micturition,  by  reflex  involtftitftrf/  action,  with  the 
abdominal  muscles;  and  the  act  is  completed  by  the  aevehrftior  urinw, 
-  which,  as  its  name  implies,  quickens  the  stream,  and  expels  the  last 
I  drop  of  urine  from  the  urethra.  The' act,  so  far  as  it  is  not  directed  by 
volition,  is  under  the  control  of  a  nervous  cvnfre  in  the  lumbar  spinal 

»cord,  tbrouglx  which,  as  in  the  case  of  the  similar  centre  for  defsecation, 
the  various  muscles  concerned  are  harmonized  in  their  action.  It  is 
well  known  that  the  act  may  be  reflexly  induced,  ej^.^  in  children  who 
suffer  from  intestinal  worms,  or  other  such  irritation.     Generally  the 
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afitereut  impulse  which  cnllsinto  action  the  desire  to  micturate  is  excited 
by  over-distent  ion  of  the  bladder,  or  even  by  a  few  drops  of  urine 
passing  into  the  urethra.  This  passes  up  to  the  lumbar  centre  (or  cen- 
tres) and  produces  on  the  one  Jiand  inhibition  of  the  sphincter  and  on 
the  other  hand  contraction  of  the  necessary  muscles  for  the  eipalflion  of 
the  contents  of  the  bladder* 


The  Structure  and  Functions  of  the  Skin. 

The  skin  serves — ^(1),  as  an  external  integument  for  the  protection 
of  the  deeper  tissues,  and  (2),  as  a  sensitive  organ  in  the  exercise  of 
touch,  a  subject  to  be  considered  in  the  Chapter  on  the  Special  Sengei; 
it  is  also  (3),  an  important  secretory  and  excretory,  and  (4),  an  absorb- 
ing organ>  already  noticed,  p.  412;  while  it  pbiys  an  important  part  in 
5)  the  regulation  of  the  temperature  of  the  body.  (See  the  Chapter  on 
Animal  Heat.) 

Siruiiure.— The  skin  consists  principally  of  a  vascular  tissue  namd 
the  coriumf  dermay  or  cuiis  vera^  and  of  an  external  covering  of  epithe- 
lium termed  the  epiderviw  or  cutirU.  Within  and  beneath  the  coriam 
are  imbedded  several  organs  with  special  functions,  namely,  ^wrfori/Vr(^u^ 
g\d,n^%,  selmeeous  glands,  and  hair  folUdeH;  and  on  its  surface  are  senBi- 
tive  papillm.  The  so-called  appendageii  of  the  skin — the  hair  and  naiU 
— are  modifications  of  the  epidermis. 

Epidermis. — The  epidermis  is  composed  of  several  strata  of  cells  of 
various  shapes  and  sizes;  it  closely  resembles  in  its  structure  the  epithe- 
lium of  the  mucous  membnme  that  lines  the  mouth.  The  following 
four  layers  may  be  distinguished  in  a  more  or  less  developed  form,  L 
JStraium  corneum  (fig,  297,  fl),  consisting  of  superposed  layers  of  horny 
scales.  The  different  thickness  of  the  epidermis  in  different  regions  of 
the  body  is  chiefly  due  to  variations  in  the  thickness  of  this  layer;  e.y.> 
on  the  horny  parts  of  the  palma  of  the  lianda  and  soles  of  the  feet  it  is 
of  great  thickness.  The  stratum  corneum  of  the  buccal  epithehum 
chiefly  differs  from  that  of  the  epidermis  in  the  fact  that  nuclei  are  to 
be  distinguished  in  some  of  the  cells  even  of  its  most  superficial  hiyers. 

2.  iSVrrt^wm //If iV/wWj  a  bright  homogeneous  membrane  consisting  of 
squamous  cells  closely  arranged^  in  some  of  which  a  nucleus  can  be  aeen. 

3.  Stratttni  ^qraHuhhsum,  consisting  of  one  layer  of  flattened  oelk 
which  appear  fusiform  in  vertical  section:  they  are  distinctly  nucleated^ 
and  a  number  of  granules  extend  from  the  nucleus  to  the  margins  of 
the  cell. 

4.  Stratum  Malpighii  or  Rvte  muvosum  consists  of  many  strata* 
The  deepest  cells,  placed  immediately  above  the  cutis  vera,  are  columnar 
with  oval  nuclei:  this  layer  of  columnar  cells  is  succeeded  by  a  number 
of  layers  of  more  or  less  polyhedral  cells  with  spherical  nuclei;  the  oeU$ 
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of  the  more  superficial  liiyers  are  considerably  flattened.  The  deeper 
Barface  of  the  rete  mucosum  is  accurately  adiipted  to  the  papillae  of  the 
tnie  skin,  being,  tu  it  were,  moulded  on  them.  It  is  very  constant  in 
thickness  in  all  parts  of  the  skin.  The  cells  of  the  middle  layers  of 
the  gtraium  Malpighii  are  almost  all  connected  by  processes,  and  thus. 
form  prickle  cells  {fig.  35),  The  pigment  of  the  skin,  the  varying  quan- 
tity of  which  causes  the  various  tints  observed  in  different  individuals 
and  di^erent  races^  is  contained  in  the  deeper  cells  of  rete  mucosum; 
the  pigmented  cells  as  they  approach  the  free  surface  gradually  losing 
their  color.     Epidermis  maintains  its  thickness  in  spite  of  the  constant 


Fig,  997,— Vertical  BeceJoQ  of  the  eptdermfs  of  th&  prepuce,  a,  Btrfttum  oomeum,  of  rerj  t&w 
lajreim.  tlie  stratum  lucidura.  imd  Htratum  ij^ranuloaiiTiii  not  bein§^di»tjDctly  r(?>ptt?ftent^ ;  b,  c.  d.  Aad«, 
ttM»  layers  of  the  Htratuw  MoJpJiirbll,  a  ti«rraln  rmraber  of  the  cells  in  lftji»rg  d  aod  e  fthowingf  aigns  or 
wBKTONitMtkmi  layer  c  cocisiiitt^ cliietly  of  priukle  or  ridgv  aud  furrow  cells;  /,  basetaeut  membratie; 
g^  cells  In  cutis  vera,    (CadiaO 


wear  and  tear  to  which  it  is  subjected.  The  columnar  cells  of  the  deep- 
est layer  of  the  rote  mucosum  elongate,  and  their  nuclei  divide  into  two 
(fig.  297,  e).  lastly  the  upper  part  of  the  cell  divides  from  the  lower j 
thus  from  a  long  columnar  cell  are  produced  a  polyhedral  cell  and  a 
abort  columnar  cell;  the  latter  elongates  and  the  process  is  repeated. 
The  polyhedral  cells  thus  formed  are  pushed  up  toward  the  free  surface 
by  the  production  of  fresh  ones  bt^neath  them,  and  become  flattened 
from  pressure:  they  also  become  gradually  horny  by  evaporation  and 
transformation  of  their  protoplasm  into  ceratin,  till  at  last  by  rubbing 
in  ordinary  wear  and  tear  they  are  detached  as  dry  homy  scales  at  the 
free  surface.    There  is  thus  a  constant  production  of  fresh  cells  in  the 
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•deeper  layers,  and  a  constant  throwing  off  of  old  ones  from  the  free  sar- 
face.  When  these  two  processes  are  accurately  balanced,  the  epidermtt 
maintains  its  thickness.  When,  by  intermittent  pressure  a  more  aciiie 
cell-growth  is  stimulated,  the  production  of  cells  exceeds  their  waste  and 
the  epidermis  increases  in  thickness,  as  we  see  in  the  horny  hands  of  the 
laborer. 

The  thickness  of  the  epidermis  on  the  different  portions  of  the  gkia 
is  directly  proportioned  to  the  friction,  pressure,  and  other  sources  of 
injury  to  which  it  is  exposed;  for  it  serves  as  well  to  protect  the  sensi- 
tive and  vascular  cutis  from  injury  from  without,  as  to  limit  the  evap- 
oration of  fluid  from  the  blood-vessels.  The  adaptation  of  the  epider- 
mis to  the  latter  purposes  may  be  well  shown  by  exposing  to  the  air  two 
4eAd  hands  or  feet,  of  which  one  has  its  epidermis  perfect,  and  the 
other  is  deprived  of  it;  in  a  day,  the  skin  of  the  latter  wiU  become 
brown,  dry  and  horn-like,  while  that  of  the  former  will  almost  retain  iU 
natural  moisture. 

Cutis  vera. — The  corium  or  cutis  vem,  which  rests  upon  a  layer  of 
adipose  and  eel  hilar  tissue  of  varying  thickness,  is  a  dense  and  tough, 
but  yielding  and  highly  elastic  structure,  composed  of  fasciculi  of  areolar 
tissue,  interwoven  in  all  directions,  and  forming,  by  their  interlace- 
ments, numerous  spaces  or  areolee.  These  areolse  are  large  in  the  deeper 
layers  of  the  cutis,  and  are  there  usually  filled  with  little  masses  of  fat 
(fig.  398) :  but,  in  the  superficial  parts,  they  are  small  or  entirely  oblit- 
erated*    XJn striped  muscular  fibres  are  also  abundantly  present. 

Papillae*— The  cutis  vera  presents  numerous  conical  papillae,  with  a 
single  or  divided  free  extremity,  which  are  more  prominent  and  more 
densely  set  at  some  parts  than  at  others.  This  is  especially  the  case  on 
the  palmar  surface  on  the  hands  and  fingers,  and  on  the  soles  of  the  feet 
— ^parts,  therefore,  in  which  the  sense  of  touch  is  most  acute.  On  these 
parts  they  are  disposed  in  double  rows,  in  parallel  curved  lines,  separated 
from  each  other  by  depressions.  Thus  they  may  be  easily  seen  on  the 
palm,  whereon  each  raised  line  is  composed  of  a  double  row  of  papillae* 
and  is  intersected  by  short  transverse  lines  or  furrows  corresponding 
with  the  interspaces  between  the  successive  pairs  of  papillm.  Over 
other  parts  of  the  skin  they  are  more  or  less  thinly  scattered,  and  are 
scarcely  elevated  above  the  surface.  Their  average  length  is  about  xhy 
of  an  inch  (|  mm.),  and  at  their  base  they  measure  about  ^,y  of  an 
inch  in  diameter.  Each  papilla  is  abundantly  supplied  with  blood,  re- 
ceiving from  the  vascular  plexus  in  the  cutis  one  or  more  minute  arte- 
rial twigs,  which  divide  into  capillary  loops  in  its  substance,  and  then 
reunite  into  a  minute  vein,  which  passes  out  at  its  base.  This  abun- 
dant supply  of  blood  explains  the  tnrgescence  or  kind  of  erection  which 
they  undergo  when  the  circulation  through  the  skin  is  active.  The 
majority,  but  not  all,  of  the  papillae  contain  also  one  or  more  terminal 
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luervc- fibres,  from  the  ultimate  ramitieationB  of  the  cutaneous  plexus, 
|on  which  their  exriuisite  sensibility  depends. 

The  nervi'-ternnnations  in  the  skin  have  been  described  under  the 
[Sensory  Nerve  Terminations  (p.  104  ei  seq,). 

Glands  of  the  Skin.— The  skin  possesses  glands  of  two  kinds:  (a) 
Sudoriferous,  or  Sweat  Glands;  {h)  Sebaceous  glands. 

(a)  Sudoriferous,  or  Sweat  Glamlfi, — Each  of  these  glands  consists 
of  a  email  lobular  mass^  formed  of  a  coil  of  tubular  gland-duct,  sur- 


c 


Fig.  S9S.— VerticaJ  section  of  akin.  A.  Sebaoeoua  if  land  openJuff  into  hair  follicle.  B.  Muscular 
fibres.  C.  Budoriferous  or  Bweat-glA&d.  D.  BubcutAiieous  fat.  E,  FirndtiB  of  tajilr< follicle,  nith 
hair-  papules,    (Klein .  > 

rounded  by  blood-vesselB  and  embedded  in  the  subcutaneous  adipose 
tissue  (fig.  298,  0).  From  this  mass,  the  duct  ascends,  for  a  short  dis- 
tance in  a  spiral  manner  through  the  deeper  part  of  the  cutis,  then 
passing  straight,  and  then  sometimes  ag^dn  becoming  spiml,  it  passes 
through  the  epidermis  and  opens  by  an  oblique  valve-like  aperture^ 
In  the  parts  where  the  epidermis  is  thin,  the  duets  themselves  are 
thinner  and  more  nearly  straiglit  in  their  course  (fig.  398).  The  duct, 
which  maintains  nearly  the  same  diameter  throughout,  is  lined  with  a 
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layer  of  columnar  epithelium  (fig.  ^90)  continuous  with  the  epidenzug; 
while  the  part  which  passeg  through  the  epidermis  is  a  mere  pasaa^^ 
through  the  epidermal  cells  not  being  bounded  by  any  special  lining; 
but  the  cells  which  inimediatelj  form  the  boundary  of  tho  cuual  in  tliig 
part  are  somewhat  di^erently  arranged  from  those  of  the  adjacent  cuti- 
cle. The  coils  or  terminal  portions  of  the  gland  are  lined  with  at  least 
two  layers  of  short  columnar  ceUs  with  very  distinct  nuclei  (fig.  299), 
and  possess  a  large  lumen  distinctly  bounded  by  a  special  lining  of 
cuticle. 

The  sudoriferous  glands  are  abundantly  distributed  orer  the  whole 
surface  of  the  body ;  but  are  especially  numerous,  as  well  as  very  large., 
in  the  ekin  of  the  palm  of  the  hand  and  of  the  sole  of  the  foot.  The 
glands  by  which  the  peculiar  odorous  matter  of  the  axillae  is  secreted 


Fig.  299,— Terminal  tubules  of  Budorii.  i-ii,^  ^i«udn.  vut  \a  yaiioua  directions  from  tike  aldn  of  Tl» 

pig's  ear.    tV,  D,  Harris/) 

form  a  nearly  complete  layer  under  the  cutis,  and  are  like  the  ordinary 
sudoriferous  glands,  except  in  being  larger  and  having  very  short  duct«» 

The  peculiar  bitter  yellow  substance  secreted  by  the  skin  of  the  ex- 
ternal auditory  passage  is  named  cerumen,  and  the  glauds  themselves 
ceruminouH  glands;  but  they  do  not  much  differ  in  structure  from  the 
ordinary  sudoriferous  glands, 

(//)  Selmceons  Giands,— The  sebaceous  glands  (figs.  298^  303),  like 
sudoriferous  glauds,  are  abundant  in  most  parts  of  the  surface  of  the 
body,  particularly  in  parts  largely  supplied  with  hair,  as  the  scalp  and 
face.  They  are  thickly  distributed  about  the  entrances  of  the  various 
passages  into  the  body,  as  the  anus,  nose,  lips,  and  external  ear.  The? 
are  entirely  absent  from  the  palmar  surface  of  the  hand  and  the 
plantar  surfaces  of  the  feet.  They  are  racemose  glands  composed  of  an 
aggregate  of  small  tubes  or  sacculi  lined  with  columnar  epithelium  and 
filled  with  an  opaque  white  substance,  like  soft  ointment,  which  consista 
of  broken-up  epithelial  cells  which  have  undergone  fatty  degeneration. 
Minute  capillary  vessels  overspread  them^  and  their  ducts  open  on 


I 
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either  the  surface  of  tho  skin,  close  to  a  hair,  or,  which  is  more  usual, 
directly  into  the  follicle  of  the  hair.  In  the  latter  case,  there  are  gener- 
ally two  or  more  glands  to  each  Iiair  (fig,  208). 

Hair. — A  hair  is  praduced  by  a  peculiar  growth  and  modification  of 
the  epidermis.  Externally  it  is  covered  by  a  layer  of  fine  scales  closely 
imbricated,  or  overlapping  like  the  tiles  of  a  house,  but  with  the  free 
edgeg  turned  upward  (fig.  301,  a).  It  is  called  the  rntich  of  the  hair. 
Beneath  this  is  a  much  thicker  layer  of  elongated  horny  cells,  closely 
packed  together  so  as  to  resemble  a  fibrous  structure.  This,  very  com- 
monly, in  the  human  subject,  occupies  the  whole  inside  of  the  hair;  but 


Fig.  300.— TnmtTfrBe  section  of  a  hair  unrt  hak- follicle  rn 
gUuid,    a,  medulla  or  pith  of  the  hair:  U.  nbrou»  la^eror 


he  opentoK  ^f  the  seVsoeoui 
iel« :  d,  ituxley**  layer ;  «, 


tteoie's  lAjer  of  tnteroal  root-sfafalh:  faud  j?.  Inyers  of  *«xt«»riiai  r^n.t  sheath,  outside  <jf  p  la  a  UrM 
l^jrer,  or  ^^gUAy  memlinuie,"  whlcli  is  equh^aleot  to  the  tMuwnient  membrane;  A,  fibrous  coat  of 


in  some  cases  there  is  left  a  small  central  space  filled  by  a  substance 
called  the  medulla  or  pith,  composed  of  small  collections  of  irregularly 
shaped  cells,  containing  sometimes  pigment  granules  or  fat,  but  mostly 
air. 

The  follicle,  in  which  the  root  of  each  hair  is  coutaiued  (fig.  302), 
forms  a  tubular  depression  from  tlie  surface  of  the  skin,— descending 
into  the  subcutaneous  fat,  generally  to  a  greater  depth  than  the  sudor- 
iferous glands,  and  at  its  deepest  part  enlarging  in  a  bulbous  form,  and 
often  eurring  from  its  previous  rectilinear  course.  It  is  lined  through- 
out by  cells  of  epithelium,  coutinuous  with  those  of  the  epidermis,  and 
its  walls  are  formed  of  pellucid  membrane,  which  commonly  in  the 
follicles  of  the  largest  hairs  has  the  structure  of  vascular  fibrous  tissue. 
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At  the  bottom  of  the  follicle  is  a  small  papilla,  or  projection  of  tme 
skin,  and  it  is  by  the  production  and  outgrowth  of  epidernml  cells  from 
the  surface  of  this  papilla  that  the  hair  is  formed.  The  inner  wall  of 
the  follicle  is  lined  by  epidermal  cells  continuous  with  those  covermg 


Tig,  901 .— Sorface  of  a  white  hdn  ma^fled  160  citometcr*.    The  wave  lines  mark  th^  '^JPP'  «"  ^ 
edges  of  the  cortical  scales,    i?,  sepfU-itt^^d  scales,  maguiaed  360  diaiBetere,     CKOIfllusr.) 

the  general  surface  of  the  skin ;  as  if  indeed  the  follicle  had  been  formed 
by  a  simple  thrusting  in  of  the  surface  of  the  integument  (fig.  30*^). 
ThiB  epidermal  lining  of  the  hair-follicle,  or  rooi'Sheaih  of  the  hair»  is 
composed  of  two  layers,  the  inner  one  of  which  is  so  moulded  on  the 
imbricated  scaly  cuticle  of  the  hair,  that  its  inner  surface  becomes  im- 
bricated also,  but  of  course  in  the  opposite  direction.     When  a  hair  i^ 


Fig,  aoe.— Lmiaftudliial  section  of  a  haCr  f otllele.  a,  Stratiim  of  Malpif^hf,  deep  layer  foa 
the  ezt«nia]  rooi-siieath,  and  continued  to  th<?  surface  of  thi^  papilla  to  form  the  raeduJlary  nhtAU 
of  the  bair;  fr,  seoood  externa]  sheatli  ;  c,  internal  root-aheatJi;  d,  fibroid  tdiealii  of  the  hair :  <-, 
medullary  sheath  or  medulla;  /,  liair  papilla;  g,  blood-vessels  of  the  hair-papilla;  h^  fibro-vafiCttlAT 
sheath.    (Cadiat ) 

pulled  out,  the  inner  layer  of  the  root-sheath  and  part  of  the  out^ 

layer  also  are  commonly  pulled  out  with  it. 

Nails, — A  uail,  like  a  hair  is  a  peculiar  arrangement  of  epidermal 
cells,  the  undermost  of  which,  like  those  of  the  general  surface  of  the 
integument,  are  rounded  or  elongated,  while  the  superficial  are  flat- 
tened, and  of  more  horny  consistence.     That  specially  modified  portion 


of  the  corium,  or  true  skin,  by  which  the  nail  is  secreted  is  called  the 

rix. 

The  back  edge  of  the  nail,  or  the  root  as  it  is  termed,  is  received  into 
shallow  crescentic  groove  in  the  matrix^  whOe  the  front  part  is  free 
and  projects  bej^ond  the  extremity  of  the  digit.  The  intermediate  por- 
tion of  the  null  rests  by  its  broad  under  surface  on  the  front  pitrt  of  the 
matrix,  which  is  here  called  the  bed  of  the  naiL  This  part  of  the  matrix 
IB  not  uniformly  smooth  on  the  surface^  but  is  raised  in  the  form  of 
longitudinal  and  and  nearly  parallel  ridges  or  laminse,  on  which  are 
moulded  the  epidermal  cells  of  which  the  nail  is  made  up. 

The  growth  of  the  nail,  like  that  of  the  hair,  or  of  the  epidermis  gen- 
erally, is  effected  by  a  couBtant  production  of  cells  from  beneath  and 
behind,  to  take  the  pltR^e  of  those  which  are  worn  or  cut  away,  Inaa- 
mach,  however^  as  the  posterior  edge  of  the  nail^  from  its  being  lodged  in 
a  groove  of  the  skin,  cannot  grow  backward,  on  additions  being  made 
to  it,  80  easily  as  it  can  pass  in  the  opposite  direction,  any  growth  at  its 
hinder  part  pushes  the  whole  forward.  At  the  same  time  fresh  cells 
are  added  to  its  under  surface,  and  thus  each  portion  of  the  nail  becomes 
gradually  thicker  as  it  moves  to  the  front,  until,  projecting  heyond  the 
surface  of  the  matrix,  it  can  receive  no  fresh  addition  from  beneath,  and 
is  simply  moved  forward  by  the  growth  at  its  root,  to  be  at  last  w^orn 
away  or  cut  off. 

Functions  of  the  Skin, 

The  function  of  the  skin  to  be  considered  in  this  chapter  is  that  of 
the  excretion  of  the  sweat*  The  fluid  secreted  by  the  sweat-glands  is 
usually  formed  so  gradually  that  the  watery  portion  of  it  escapes  by 
evaporation  as  fast  as  it  reaches  the  surface*  But  during  strong  exer- 
cise^ exposure  to  great  external  warmth,  in  some  diseases,  and  when 
craporation  is  prevented,  the  secretion  becomes  more  sensible,  and  col- 
lects on  the  skin  in  the  form  of  drops  of  fluid, 

The  perspiration,  as  the  term  is  sometimes  employed  in  physiology, 
includes  all  that  portion  of  the  secretions  and  exudations  from  the  skin 
which  passes  off  by  evaporation;  the  Mwmf  includes  that  \vhich  may  be 
collected  only  in  drops  of  fluid  on  the  surface  of  the  skin.  The  two 
terms  are,  however,  most  often  used  synonymously ;  and  for  distinction, 
the  former  is  called  ifisenailtlt'  perspinition;  the  latter  }<i'n,^il/le  perspira- 
tion. The  fluids  are  the  &ime,  except  that  the  sweat  is  commonly  mingled 
with  various  substances  lying  on  the  surface  of  the  skin.  The  contents 
of  the  sweat  are,  in  part,  matters  capable  of  assuming  the  form  of  vapor, 
such  as  carbonic  acid  and  wiiter,  and  in  part,  other  matters  which  are 
deposited  on  the  skin,  and  mixed  with  the  sebaceous  secretions. 

The  secretion  of  the  sebaceous  glands  and  hair-follicles  consists  of 
cast-off  epithelium  cells,  with  nuclei  and  granules,  together  with  an  oilj 
27 
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matter^  extractire  matter^  and  steiiriu;  in  certain  parte,  also,  it  is  miied 
with  a  peculiar  odorous  principie,  which  contuiiia  caproic,  butyric,  and 
rutic  acids.  It  is,  perhaps,  nearly  similar  in  composition  to  the  utictxi- 
ous  coating,  or  vernix  emeosa^  which  is  formed  on  the  body  of  the 
foBtns  while  in  the  uteraB,  and  which  contains  large  qnantities  ol 
ordinary  fat.  Its  purpose  seems  to  be  thiit  of  keeping  the  skin  moift 
and  supple,  and,  by  its  oily  nature,  of  both  hindering  the  evaporation 
from  the  surface,  and  guarding  the  skin  from  the  effects  of  the  laof 


Flg«  aoe.— SebaceouB  gland  from  himian  Hicin.    (KJein  nnd  Noble  Smith.) 

ijontinued  action  of  moisture.  But  while  it  thus  serves  local  purposea, 
its  removal  from  the  body  entitles  it  to  be  reckoned  among  the  excre* 
tions  of  the  skin, 

CaEBOCAi.  Composition  of  Sweat. 

Water  .995 

Solids  :— 

Organic  Acidtt  (foniiic,  acetic,  butyric*  pro*  (         q 

pionic.  caproic,  caprvlic)  .         .  {        * 

Salts,  chietiy  sodium  chloride  .         .         ,         .1,8 
Neutral  fatsauii  cholesterin  .         .         .  .7 

Extractives  (incloding  urea),  with  epitlielium     1,6  5 

1000 
The  sweat  is  a  colorless*  slightly  turbid  fluid,  alkaline,  neutral  or 

acid  in  reaction,  of  a  saltish  taste,  wnd  peculiar  characteristic  odor. 
Of  the  several  substances  it  contains,  however,  only  the  carbonic  aad 

and  umter  need  partieular  considenition, 

,WaUry  Vapor. — The  quantity  of  watery  vapor  excreted  from  Uw 
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^n  is  on  an  average  between  1^  and  2  lb  daily  (about  1  kilo).  Thia 
bjuet  has  been  very  carefully  investigated  by  Lavoisier  and  Sequin, 
Tbe  latter  chemist  enclosed  his  body  in  an  air-tight  bag,  with  a  mouth- 
piece. The  bag  being  closed  by  a  strong  band  above,  and  the  mouth- 
I  piece  adjofited  and  gummed  to  the  skin  around  the  mouth,  he  was 
weighed,  and  then  remained  quiet  for  several  hours,  after  which  time 
he  was  again  weighed*  The  ditference  in  the  two  weights  indicated  the 
1  amount  of  loss  by  pulmonary  exhahition.  Having  taken  off  the  air- 
-tight dress,  he  was  immediately  weighed  again,  and  a  fourth  time  after 
»  certain  interval.  The  difference  between  the  two  weights  kst  ascer- 
tained gave  the  amount  of  the  cutaneous  and  pulmonary  exhalation  to- 
gether; by  subtracting  from  this  the  loss  by  pulmonary  exhalation 
alone,  while  he  was  in  the  air-tight  dress,  he  ascertained  the  amount  of 
cutaneous  transpiration.  During  a  state  of  rest^  the  average  loss  by 
cutaneous  and  pulmonary  exhalation  in  a  minute,  is  eighteen  grains,— 
the  minimum  eleven  grains,  the  raaxinMim  thirty-two  grains;  and  of  the 
eighteen  grains,  eleven  pass  oiT  by  tJie  skin,  and  seven  by  the  lungs. 

The  quantity  of  watery  vapor  lost  by  transpiration  is  of  course  influ- 
enced by  all  external  circumstances  which  affect  the  exhalation  from 
other  evaporating  surfaces,  surh  as  the  temj)envture,  the  hygrometric 
fitate^  and  the  stillness  of  the  atmosphere.  But,  of  the  variations  to 
which  it  is  subject  under  the  influence  of  these  conditions,  no  calcula- 
tion has  been  exactly  made. 

Carbon ir  AcifL— The  quantity  of  carbonic  arid  exhaled  by  the  skin 
on  an  average  is  about  j^^  to  ^iir  of  that  furnished  by  the  pulmonary 
respiration. 

The  cutaneous  exhalation  is  iinist  abundant  in  the  lower  classes  of  animals, 
mare  particularly  the  oaked  Auipliibia,  as  frogs  and  toads,  whose  skin  is  thin  and 
moist,  and  readily  t>erni its  an  iulerehange  of  gakea  between  the  blmxlcireiilatiag 
in  it,  and  the  Burronnding  atmosphere.  Bischolf  found  that,  after  the  lungs  of 
froffs  had  l)een  tied  and  eiit  out.  alMiut  a  quarter  of  a  cubic  inch  of  carbonic 
acid  gas  was  exhaled  by  the  skin  in  **ight  houre.  And  this  quantity  is  very 
iHTge,  when  it  ia  renienilM?red  that  a  full-Hized  frog  will  generate  only  about 
half  a  cubic  inch  of  carlx>nie  acid  hy  his  lungs  and  skin  t45gether  in  six  hours. 

The  importance  of  the  respirat4>ry  fuDCtion  of  the  skin,  which  was  once 
thought  ti>  he  provwl  hy  the  si>ee*ly  death  of  animals  whose  skins,  after  removal 
of  the  hair,  were  cover t*d  with  an  imjifrmeable  varnish,  haa  been  shown  by 
further  ol>servations  to  have  uo  foundation  in  fact ;  the  immediate  caust*  of 
death  in  such  cases  being  tlve  hjwH  of  tfrnyierature.  A  vamishe<I  animal  is  said 
to  have  suflfered  no  harm  when  snrroundtHl  by  cotton  wadding,  and  to  have  died 
when  the  wadding  waa  removed. 


yK 


Influence  of  fhe  Nervous  Si/siem. 

Experiments  seem  to  show  that  the  mode  of  the  secretion  of  sweat 
is  more  or  lees  like  that  of  the  secretion  of  saliva.     The  chief  difference 
[tween  the  two  processes  appears  to  be  this,  that  increased  blood  sup- 
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ply,  of  itself,  is  able  to  produce  a  secretion  of  sweat,  whereas  this  is  not 
the  case  with  the  salivary  secretion  In  the  case  of  the  sweat-glands,  it 
is  practically  certain  that  they  are  also  under  the  control  of  efferent  im- 
pulses passing  to  them  from  the  special  sweat  centres  in  the  brain  and 
spinal  cord  through  special  sweat  nerves.  Thus,  if  the  sciatic  nerve 
be  divided  in  a  cat  and  the  peripheral  end  be  stimulated,  beads  of  sweat 
are  seen  to  appear  upon  the  pad  of  the  corresponding  foot,  although  at 
the  same  time  the  blood-vessels  are  constricted  or  whilst  the  aorta  is 
pressed  upon,  whereas  if  atropin  have  been  injected  previously  to  the 
stimulation,  no  sweat  appears,  although  dilatation  of  the  vessels  be 
present.    Secretion  of  sweat,  too,  may  be  reflexly  brought  about. 

The  exact  way  in  which  various  conditions  producing  an  extra  secre- 
tion of  sweat  act,  is  somewhat  uncertain.  The  circulation  of  venous 
blood  in  the  central  nervous  system,  however,  appears  to  be  the  cause 
of  the  sweating  of  phthisis  and  of  dyspnoea  generally.  If  the  cat  whose 
sciatic  nerve  be  divided  be  rendered  dyspnoeic,  abundant  sweat  occnrs 
upon  the  foot  of  the  uninjured,  and  none  on  the  injured  side.  The 
effect  of  heat  in  producing  sweating  may  be  both  local  and  general,  and 
again,  the  various  drugs  which  produce  an  increased  secretion  of  sweat 
do  not  all  act  in  the  same  way;  thus,  there  is  reason  for  thinking  that 
pilocarpin  acts  upon  the  local  apparatus,  that  strychnia  and  picrotoxin 
act  upon  the  sweat  centres,  and  that  nicotin  acts  both  upon  the  central 
and  upon  the  local  apparatus. 

The  special  sweut-nerves  appear  to  issue'  from  the  spinal  cord,  in  the 
case  of  the  hind  limb  of  the  cat  by  the  last  two  or  three  dorsal  and  first 
two  or  four  lumbar  nerves,  pass  to  the  abdominal  sympathetic  and  from 
thence  to  the  sciatic  nerve.  In  the  case  of  the  fore  limb,  the  nerves 
leave  the  cord  by  the  5th  and.  6th  cervical  nerves  into  the  thoracic  sym- 
pathetic, and  then  join  the  brachial  plexus,  reaching  the  arm  through 
the  median  and  ulnar  nerves. 

It  will  be  as  well  to  repeat  here  the  other  functions  which  the  skin 
subserves.  In  addition  to  its  excretory  office,  we  have  seen  that  it  acts 
as  a  channel  for  absorptioti.  It  is  also  concerned  with  a  special  sense, 
viz.,  that  of  touch,  to  the  consideration  of  which  as  well  as  to  its  func- 
tion of  regulating  the  temperature  of  the  body  we  shall  presently  return. 
It  should  be  recollected,  however,  that  apart  from  these  special  func- 
tions, by  means  of  its  toughness,  flexibility  and  elasticity,  the  skin  is 
eminently  qualified  to  serve  as  the  general  integument  of  the  body,  for 
defending  the  internal  parts  from  external  violence,  while  readily  yield- 
ing and  adapting  itself  to  their  various  movements  and  changes  of 
position. 
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CnAPTER  XI. 

THE    METABOLISM    OF   THE   TISSUES. 

We  have  now  to  consider  the  various  changes  occurring  in  the  tissues 
and  organs  of  the  body  which  may  be  considered  m  intermediate  between 
those  already  described,  viz.,  the  digestion  and  absorption  of  food  on  the 
one  hand,  and  the  excretion  of  wtiste  products  on  tlie  other.  These 
processes  take  place  prtncipidly  in  the  muscles  and  glands  of  the  body, 
and  it  will  be  as  well  to  direct  onr  attention  to  the  metabolism  first  of 
all  in  muscle,  and  secondly  in  the  glands  not  directly  concerned  in  the 
digestive  processes. 

Muscular  Metabolism. 

The  muscles  make  up  about  one-half  of  the  total  body  weight.  The 
principal  substance  which  can  be  extracted  from  muscle,  when  examined 
after  death,  is  the  protcid  body,  Jfifosin^  some  of  the  reactions  of  which 
have  been  already  discussed,  p,  108.  This  body  ajjpears  to  bear  some- 
what the  same  relation  to  the  living  muscle,  as  tibrin  does  to  the  living 
blood,  since  the  coagulation  of  muscle  after  death  is  due  to  the  formation 
of  myosin.  Thus,  if  coagulation  be  delayed  in  muscles  removed  imme* 
diately  from  recently  killed  animals,  by  subjecting  them  to  a  temperature 
below  0*^C,,  it  is  possible  to  obtain  from  them  by  expression  a  viscid 
fluid  of  slightly  alkaline  reaction,  called  jnusde-plamm  (Kiihne,  Hallj- 
burton).  And  muscle  plasma,  if  exposed  to  the  ordinary  temperature  of 
the  air  (and  more  quickly  at  37^-40^  C),  undergoes  coagulation  much 
in  the  same  way  as,  under  similar  circum8tanoea>  does  blood  plasma, 
separated  from  the  blood  corpuscles  by  the  action  of  alow  temperature. 
The  appearances  presented  by  the  fluid  during  the  process  are  nlm  very 
similar  to  the  phenomena  of  blood-clotting,  viz.,  that  first  of  all  an  in- 
creased viscidity  appears  on  tlie  eiurfaee  of  the  fluid,  and  at  the  sides  of 
the  containing  vessel,  which  graJually  extends  throughout  the  entire 
mass,  until  a  fine  transparent  clot  is  obtained.  In  the  course  of  some 
hours  the  clot  begins  to  contract,  and  to  squeeze  out  of  its  meshes  a  fluid 
corresponding  to  blood -serum.  In  tlie  course  of  coagulation,  therefore, 
muscle  plasma  separates  into  nmsde-cJot  and  musch-senun.  The  muscle 
clot  is  the  substance  myosin.  It  differs  from  fibrin  in  being  easily  sokible 
in  a  2  per  cent  solution  of  hydrochloric  acid,  and  in  a  10  per  cent  solu- 
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tion  of  sodiam  chloride.  It  is  insoluble  in  distilled  water,  and  its  aoln- 
tions  coagulate  on  application  of  heat.  It  is  in  short  iLglobuUn.  Daring 
the  process  the  reaction  of  the  fluid  becomes  distinctly  acid. 

The  coagulation  of  muscle  plasma  cannot  only  be  prevented  by  cold, 
but  also,  as  Halliburton  has  shown,  by  the  presence  of  nentral  salts  in 
certain  proportions;  for  example,  of  sodium  chloride,  of  magnesium 
sulphate,  or  of  sodium  sulphate.  It  will  be  remembered  that  this  is 
also  the  case  with  blood  plasma.  Dilution  of  the  salted  muscle  pkszna 
will  produce  its  slow  coagulation,  which  is  prevented  by  the  presence  of 
the  neutral  salts  in  strong  solution. 

It  is  highly  probable  that  the  formation  of  muscle-clot  is  due  to  the 
presence  of  a  ferment  {myosin-ferment).  The  antecedent  myosin  in  li?- 
ing  muscle  has  received  the  name  of  myosinogen^  in  the  same  way  as  the 
fibrin-forming  element  in  the  blood  is  called  fibrinogen.  Myosinogen 
is,  however,  made  up  of  two  globulins,  which  coagulate  at  the  tempera- 
tures 47**  C.  and  56°  C.  respectively.  Myosin  may  also,  as  we  have  before 
mentioned,  p.  421,  be  obtained  from  dead  muscle  by  subjecting  it,  after 
all  the  blood,  fat,  and  fibrous  tissue,  and  substances  soluble  in  water  have 
been  removed,  to  a  10  per  cent  solution  of  sodium  chloride,  or  5  per 
cent  solution  of  magnesium  sulphate,  or  10  to  15  per  cent  solution  of 
ammonium  chloride,  filtering  and  allowing  the  filtrate  to  drop  into  s 
large  quantity  of  water;  the  myosin  separates  out  as  a  white  flocculent 
precipitate. 

A  very  remarkable  fact  with  regard  to  the  properties  of  myosin  has 
been  demonstrated  by  Halliburton,  namely,  that  a  solution  of  dead 
muscle  in  strong  neutral  saline  solution,  possesses  very  much  the  same 
properties  as  muscle  plasma,  and  that  if  diluted  with  twice  or  three 
times  its  bulk  of  water,  myosin  will  separate  out  as  a  clofy  which  clot  can 
be  again  dissolved  in  a  strong  neutral  saline  solution,  and  the  solution 
can  be  again  made  to  clot  on  dilution.  This  process  can  often  be  re- 
peated ;  but  in  the  fluid  which  exudes  from  the  clot  there  is  no  proteid 
present.  Myosin  when  dissolved  in  neutral  saline  fluids  is  converted  in- 
to myosinogen,  but  reappears  on  dilution  of  the  fluid.  Muscle  clot  is 
almost  pure  myosin;  but  it  appears  to  be  combined  with  a  certain 
amount  of  salts,  for  if  it  be  freed  of  salts,  especially  of  those  of  calcium, 
by  prolonged  dialysis,  it  loses  its  solubility.  If  a  small  amount  of  cal- 
cium salts  be  added,  however,  it  regains  that  property. 

Muscle  serum  is  acid  in  reaction,  and  almost  colorless.  It  contains 
three  proteid  bodies,  viz. — {a)  A  globulin  (wyo^/o^w7tw),  which  can  be  pre- 
cipitated by  saturation  with  sodium  chloride,  or  magnesium  sulphate,  and 
which  can  be  coagulated  at  63°  C.  (145°  F.).  (b)  Serum-albumin  {my<h 
dlbumin)^  which  coagulates  at  73°  C.  (163°  F.),  but  is  not  precipitated 
by  saturation  with  either  of  those  salts.     And  (c)  Myo-aUmmose^  which 
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is  neither  precipitated  bj  lieiit,  nor  by  siitiimtion  with  sodium  nhloride 
or  magnesium  sulphate,  hutniuy  l>e  precipitated  by  giituration  with  am- 
moniiim  sulphate.  It  is  closely  connected  with,  even  if  it  is  not  itself, 
myosin  ferment.  Neither  caeein  nor  peptone  has  been  found  by  Ilalii- 
barton  in  muscle  extracts.  In  extractd  of  nmsc^les,  especially  of  red 
muscles,  there  is  a  certain  amount  of  Ilmmofikihin^  and  alscj  of  a  pigment 
special  to  muscle,  called  by  McMunn  Mtjo-hmmafin^  which  ha«  a  spectrum 

k quite  distinct  from  biumog^lobiii,  viz.,  a  narrow  band  just  before  l>,  two 
rery  narrow  between  D  and  E,  and  two  other  faint  bands,  nearly  violet, 
^  b,  and  between  E  and  F  close  to  F. 
In  addition  to  muscle  ferments,  already  mentioned,  muscle  extracts 
contain  certain  small  amounis  oi  pepsin  and  fibrin  fenmnty  Skud  also  an 
amtfhitft  ic  fennent. 

Certain  acids  are  also  present,  particularly  sarco-lactic,  as  well  as 
acetic  and  formic, 

■        Of  carbohydrates,  (jUfragen  and  tjhtcose  (or  maltose),  also  inomte, 
Nitrog^enous  crystalline  bodies,  such  as  hrmtin^kreatinin^xanthiny 
hypO'Oranthin^  or  camin,  iaurin^  urea,  in  very  small  amount,  uric  acid 
and  inminic  acid. 

Sails,  the  chief  of  which  is  poiasmum  pho»phaU, 


Muscle  at  Rest. 


y  Physical  Condition. — During  rest  or  inactivity  a  muscle  has  a  slight 
but  very  perfect  Eimtiviti/;  it  admits  of  being  considerably  stretched, 
but  returns  readily  and  completely  to  its  normal  condition.  In  the  liv- 
ing body  the  muscles  are  always  stretched  somewhat  beyond  their  natural 
length,  they  are  always  in  a  condition  of  slight  tension;  an  arrangement 
which  enables  the  wdiole  force  of  the  contraction  to  be  utilized  in  ap- 
proximating the  points  of  attachment.  It  is  obvious  that  if  the  muscles 
were  lax,  the  first  part  of  the  contraction  until  tho  muscle  became  tight 
would  be  wasted. 

There  is  no  doubt  that  even  in  a  condition  of  rest  Oxygen  is  abstracted 
fron*  the  blood,  and  carbon  iv  acid  is  given  out  by  a  muscle ;  for  the  blof id 
becomes  venous  in  the  transit,  and  since  the  muscles  form  by  far  the 
largest  element  in  the  composition  of  the  body,  chemical  changes  must 
be  constantly  going  on  in  them  as  in  other  tissues  and  organs,  although 
not  necessarily  accompanied  by  contraction.  When  cut  out  of  the  body 
such  muscles  retain  their  contractility  longer  in  an  atmosphere  of  oxygen 
than  in  an  atmosphere  of  hydrogen  or  carbonic  acid,  and  during  life,  an 
amount  of  oxygen  is  no  doubt  necessary  to  the  mauifcstution  of  energy 
as  well  as  for  the  metabolism  going  on  in  the  resting  condition. 

The  reaction  of  living  muscle  in  a  resting  or  inactive  condition  is 
neutral  o^r  faintly  alkaHne. 
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In  muscles  which  have  been  removed  from  the  body,  it  has  been  found 
that  for  some  little  time  elect riral  currents  can  be  demonstrated  pamnf 
from  pot  fit  to  point  on  their  surface:  but  as  soon  as  the  muficles  die  or 
enter  into  rigor  mortis,  these  niirreiita  disa])poar. 

The  demonstration  of  musde  currents  is  usually  doQ(?  as  follows  : — The  fn^g's 
muscles  are  the  most  convenient  for  experiment ;  and  a  muacle  of  r%*guUr 
sliape,  in  which  the  fibres  are  ijarallel,  is  selected.     The  euds  are  cut  off  hj 
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Fin?.  904,— Eeflectinjf  gftlvauouieler.  (Thomson.)  A.  The  >ralvaut3 meter,  wbioli  etmnlst*  <:rf 
two  i^ysteuis  of  SDinil  ajHUtii-  iKH-^lleg  HUHjit'tnlwl  by  «i  finf  fcair  frfiiii  a  8up]{>i«rt,  »«>  thai  each  trt  >->! 
needlen  in  within  a  lmM  of  flno  insitUiteil  eoii|7*»r  wiru,  tliftt  fonjilojf  llie  Mmer  coil  is  vrounfi  jri  ao 
op|wiHit*^  rliret'tion  to  the  ypju^r.  Attat-lied  u>  the  upl>t»r  ftet  of  neixUes  ix  n  ttuiall  mirror  alitTut 
1.4  inch  in  tliametrr;  the  U^ht  fnmi  Hie  lamp  at  B  i»  thrown  upon  this  little  mirn>r»  and  lun-- 
tl*vtK^I  u[>on  th**  Hcale  on  the  other  side  of  B,  not  shown  in  flgnire.  TIm*  coils/  i  ar^  arraoii^ 
upun  brass  uprights,  and  Uwir  ends  ore  carried  to  tlio  bJudiue  screws.  The  whole  appAntui  it 
Tilaeetl  i)|>ejn  a.  irulcaQite  plMe  capable  of  being  levelled  by  the  licrew  Hupporta,  «Ad  »  oonf^ 
by  a  hrnsH  lK>und  glaaa  soade,  L,  tti«  cover  of  which  la  a!lso  of  brass,  and  auopurta  a  tmrnt  rod. 
tt,  on  which  movi^  a  w^ak  crurved  laagneU  wi.  C  Is  the  shiiiit  by  uieians  of  which  the  amount  r\i 
the  current  sent  Into  the  snlvanoniet-er  may  l)e  rejjulatM,  When  in  us©  the  lacate  i»  \\\!Kr<i 
•about  three  feet  from  the  lyralvanouiett^r^  which  la  arranged  oast  and  wemt,  the  lamp  is  lighted, 
the  tiilrror  is  iiiade  to  swing,  and  the  li^ht  from  the  lamp  is  adjuBt<*d  to  fall  upon  it,  and  it  [§ 
than  regulattHl  until  the  rpne«*t*Kl  spot  of  light  from  it  falin  upon  the  lero  of  the  acaK  Tbi« 
wir»^  fr*un  the  non-fiL^ar liable  eleelnxles  touching  the  niuHole  are  aitachefl  to  the  outer  bio^tin^ 
HI  n-ivs  of  the  galvftnonieter,  a  key  intervt^ning  for  short -eireujtfng,  or  it  a  jtortioD  only  rjf  ibt 
current  iis  to  pass  inttt  the  gftlvanoiuetcr,  the  shunt  Hh<»ul<l  intervene  an  well  with  the  appropriate) 
plug  In.  When  a  i/urreut  mit*s<^H  into  the  galvariomete^r  the  nt*edleR  and»  with  tlii?m,  tlie  mirror, 
are  turned  to  ttie  right  or  left  aceonlin^  Uj  the  diri"ction  of  the  current.  The  amount  of  Uje  de- 
fhHrtlotj  of  the  needle  i«  marked  on  the  scale  by  the  8|jot  of  light  travelling  alon^;  it^ 

clean  vertical  cuts,  and  the  resulting  piece  of  muscle  is  called  a  regular  mim'k 
prism.  The  muj^le  prism  is  insulated,  and  a  \m\T  of  non-|M>!arrzable  eJectrod« 
conoecteJ  with  a  ver>'  delicnte  ^olvsinfTtiieter  (fig.  304)  is  applied  to  vari^ius 
i  of  the  prism,  and  by  a  detletition  of  the  needle  to  a  greater  or  leas  exteat 
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m  oDie  direction  or  another,  the  strenKtli  and  direction  of  the  currents  in  the 
piece  of  miu»cle  can  bt*  eKtiinatHd.  It  is  neceaaary  to  uijt:'  inm-iK»larizable  and 
Hot  nietaUie  t?l*M:!itro<les  iti  this*  fsi>enm*^nt.  as  <ithen,^se  then^  is  no  certainty 
that  the  whole  of  the  current  obser^^ed  is  comniytiicated  from  t lie  muscle  itself, 
and  is  not  derived  from  tlie  metaUic  eleetrodea  ariHtniii^  in  eon.vM*i|ttenee  of  the 
action  of  the  saline  juicea  of  the  tii^^uei*  upon  them.  The  form  of  the  non- 
polaruable  eleetrcxles*  ia  a  modi  iieat ion  of  Du  Boiss  Keymond  a  aiJiwinitus  (fig. 
805),  which  consists  of  a  somewhat  flatk-ned  ghins  cylinder,  a,  drawn  abruptly 
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Tig.  805.— DiRsrram  of  Du  Bofs  R^ymond^s  non-pnlarlzAblv  plwtnjfle».  a.  Cilnsa  tube  flllpd 
"With  *  fiAttiratesd  solution,  of  ilnc  Hulpfmt**,  in  the  t'nd.  r,  of  whlrli  is  chhia  cluy  ilrawD  out  to  a 
point:  in  the  ifoluitJon  a  wAl  funalKnrnatfil  zlne  m<l  is  Immf^rmMl  and  o^nru^^ted.  liy  uieatisi  ^f  the 
wire  which  pa«aet}  through  a,  with  the  ifalvanonnHpr.  Tht*  rt^tjiftliider  r>f  the  ii[tjmratu«  is  simply 
for  codventence  of  application.  The  mu»el«  and  the  end  of  the  secx>nd  elfclrLHlt*  are  to  tlie 
right  of  the  ll^re. 

to  a  point,  and  fitted  to  a  socket  capable  of  movement,  and  attached  to  a  stand, 
A,  80  that  it  can  l>e  rai8e<l  or  lowered  an  rtsj aired.  The  hmer  [wrtion  of  tiie 
cylinder  is  filled  with  china  clay  moistened  with  saline  fioliition,  jMirt  of  whieh 
projects  thriiugh  itn  driiwn-otit  point:  the  rest  of  tiie  cylinder  \h  fitted  with  a 
Baturat^  solution  of  zitic  sulphate  iiUo  which  dips  a  well  amalgamated  piece 
of  zinc  connectetl  by  means  of  a  wire  with  the  j^alvunometer.  In  this  way 
the  zinc  8ulphate  forms  a  homogeneous  and  nou*p<*larizal>le  conductor  Ix'tween 
the  zinc  and  the  china  clay*  A  eecond  electrode  of  the  same  kind  is.  of  course, 
necessary. 

In  a  regubir  muscle  prism  the  currents  are  found  to  be  as  follows: — 
If  from  a  point  in  the  surface  a  Hue — the  equator— be  draini  across  the 
miiBcle  prisrn  equally  dividing  it,  currents  pass  from  this  point  to  points 
away  from  it,  which  are  weak  if  the  points  are  near,  and  inereiised  in 
strength  115  the  points  are  further  ami  further  away  from  the  ef|uator; 
the  strongest  passing  from  the  equator  to  a  point  representing  the  middle 
of  the  cut  ends  (fig,  306,  2);  currents  also  pass  from  points  nearer  the 
eqnator  to  those  more  remote  (fig.  30ri,  1,  3,  4,),  but  not  from  points 
equally  distant  or  iso-electric  points  {^g,  30<i,  G,  7,  8).  The  cut  ends 
are  always  negative  to  the  equator.  These  currents  are  constant  for  some 
time  after  removal  of  the  muscle  from  the  body,  and  in  fact  remain  iis 
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long  as  the  muscle  retains  its  life.     T1r\v  are  in  all  probability  dae^ 
chemical  changes  going  on  in  the  nuiseles. 

The  currents  are  dimiuished  by  fatigue  and  aro  increaaed  by  an  increaae 
of  temperature  within  natural  limits.  If  the  uninjured  tendon  bo  luied  M 
the  end  of  the  muscle,  and  the  muscle  be  examined  without  »- 
moval  from  the  body,  the  currents  are  very  feeble,  but  they  ure  at  imm 
much  increiised  by  injuring  the  nniscle,  as  by  cutting  off  its  tendon. 
The  last  observation  appears  to  show  that  tliey  are  rig) it  who  believe 
that  the  currents  do  not  exist  in  uninjured  muscles  in  Hitu^  but  that  in- 
jury, either  mechanical,  chemical  or  thernml,  will  render  the  injured 
part  electrically  negative  to  other  points  on  the  muscle.  In  a  froig's 
heart  it  has  been  shown,  too,  that  no  currents  exist  during  its  inactivity, 
but  that  a^  soon  as  it  is  injured  in  any  way  they  are  developed;  the  in- 
jured part  being  negative  to  tlie  rest  of  the  muscle.     The  currents  which 
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Ftg.  aOl^IHAgFaai  of  the  currentjt  In  iv  tnuiic-le  prism.     (Di]  Bols  RBjmonA.y 

Imve  been  above  described  are  called  either  nntural  muscle  frtirreais  Of 
currents  of  reM^  according  as  they  are  looked  upon  as  always  existing  la 
muscle  or  as  developed  when  a  part  of  the  muscle  \%  Bubjeeted  to  injury; 
in  either  case,  up  to  a  certain  point,  it  is  agreed  that  the  strength  of  iht 
currents  is  in  direct  proixirtion  to  the  injury. 

Muscle  in  Activity, 

The  property  of  muscular  tissue,  by  which  its  peculiar  functions  aro 
exercised,  is  its  ('ontraciility^  which  is  excited  by  all  kinds  of  stimuli  ap- 
plied either  directly  to  the  masoles,  or  indirectly  to  them  through  the 
medium  of  their  motor  nerves.  This  property,  although  commonly 
brought  into  action  through  the  nervous  Fvatem,  ig  inherent  in  the 
mnficnlar  tissue.  For — (1.)  it  may  be  manifested  in  a  musrio  which  it 
isolated  from  the  influence  of  the  nervous  system  by  division  of  thonervet 
mapplying  it,  so  long  m  the  natural  tissue  of  the  muscle  is  duly  nouriihedi 
and  (2.)  it  is  manifest  in  a  portion  of  mascular  fibre,  in  which,  under 
the  microscope,  no  nerve-fibre  can  be  traced.     (3.)  SnhataiiGcii  such  ii 
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nra^i$  which  paralyze  the  iK-rve-omliiiga  in  muscles,  do  not  at  all  dimin- 

lish  the  irritability  of  the  muscle  itself, 

I  (4.)  When  a  muscle  is  fatigued,  a  local  stimulation  is  followed  by  a 
contraction  of  a  small  part  of  the  fibre  in  the  immediate  vicinity  without 
any  regard  to  the  distribution  of  nerve-libres* 

If  the  removal  of  nervous  influence  be  long  continued,  as  by  division 
of  the  nerveasupplying  u  muscle,  or  iu  cases  of  paralysis  of  long-standing, 
the  irritability,  /.(?.,  the  power  of  responding  to  a  stimulus,  luay  be  lost  j 
biit  probably  this  is  chietly  due  to  the  impaired  nutrition  of  the  muscular 
tiasne,  which  ensues  through  its  inaction.  The  irritability  of  muscles 
18  also  soon  lost,  unless  a  supply  of  arterial  bhmd  to  them  is  kept  up. 
Thus,  after  ligature  of  the  main  arterial  trunk  of  a  limb,  the  power  of 

1  moving  the  muscles  is  partially  or  Mix  oily  lost,  until  the  collateral  cir- 

.  eolation  is  established;  and   wheu,  in  animals,  the  abdominal  aorta  is 

1  tied,  the  hind  legs  are  rendered  almost  powerless. 

The  same  fact  may  be  readily  shown  by  compressing  the  abdominal 
aorta  in  a  rabbit  for  about  10  minutes;  if  the  pressure  l>e  released  and 
the  animal  be  placed  on  the  ground,  it  will  work  itself  along  with  its 
front  legs,  while  the  hind  legs  sprawl  helplessly  behind.     Gradually  the 

I  muscles  recover  their  power  and  become  quite  as  ettlcient  as  before. 

So,  also,  it  is  to  the  imperfect  supply  of  arterial  blood  to  the  muscular 
tissue  of  the  heart,  that  the  cessation  of  the  action  of  this  organ  in  as- 
phyxia is  in  some  measure  due. 

,  The  Phenomana  of  Muscular  Contraction. 

f  The  power  which  muscles  possess  of  contraction  may  then  be  called 
forth  by  stimuli  of  various  kinds,  and  these  stimuli  may  also  be  applied  di- 
rectly to  the  muscle  or  indirectly  to  the  nerve  supplying  it.  There  are 
distinct  advantages,  however,  in  applying  the  stimulus  to  the  nerve,  as 
it  18  more  convenient,  as  well  as  more  potent.  The  stimuli  are  of  four 
kinds,  viz. : — 

(1.)  Mechanical  stimuUy  as  by  a  blow,  pinch,  prick  of  the  muscle  or 
its  nerve,  will  produce  a  contraction,  repeated  on  the  repetition  of  the 
stimulus;  but  if  applied  to  the  same  point  for  a  limited  number  of  times 
onlj,  as  such  stimuli  will  soon  destroy  the  irritability  of  the  preparation. 

(2.)  Thermal  Stimtdi. — If  a  needle  be  heated  and  applied  to  a  muscle 
or  its  nerve,  the  muscle  will  contract.  A  temperature  of  over  37* 8""  C. 
(100°  F. )  will  cause  the  muscles  of  a  frog  to  pass  into  a  condition  known 
as  heat  rigor. 

(3.)  Chefnical  StimnlL — A  great  variety  of  chemical  substances  will 
excite  the  contraction  of  muscles,  some  substances  being  more  potent  in 
irritating  the  muscle  itself,  and  other  an bstances  having  more  effect  upon 
the  nerve.     Of  the  former  may  be  mentioned,  dilute  acids,  salts  of  cer- 
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tain  metals,  e.g.^  zinCi   copper  and  iron;  to  the  latter  beloug  strong! 
glycerin,  strong  acids,  ammonia  and  bile  Baits  in  strong  eolation. 

(Jr.)  Elect rkal  Sflmnli, — For  the  purpose  of  experiment  electricili 
stimuli  arc  most  frequently  used,  as  the  strength  of  the  stimulus  may  M 
more  conveniently  regulated.     Any  form  of  electrical  current   ma}  be] 
employed  for  this  purpose,  but  galvanism  or  the  induced  current  is  usu- 
ally cliosen. 

Galvanic  currents  are  usually  obtained  by  the  employment  of  a  continttoos 
current  battery  such  as  that  of  Daniell,  by  which  an  electrical  current  whirli 
varies  but  little  in  intensity  is  ohtained  The  battery  (fig.  307)  causistB  of  a 
positive  plate  of  well-arualgamated  zinr  immeraetl  in  a  porous  cell,  coDtAiuiQf; 
dilute  sulphuric  acid,  and  this  cell  is  again  contained  within  a  large  copjit^r 
vessel  (forming  the  negative  plate),  containing  besides  a  saturated  solotioD  of 
copper  fltilplinte.  The  eiectrie:^!  current  is  made  continunus  br  the  us*"  of  i!tw 
two  fluids  in  the  following  nmoner  The  action  of  the  dilute  sulphuric  juid 
upon  tlif  zinc  platr  partly  dissolves  it,  and  liberates  hydrogen,  and  this  ^a^ 
passes  through  the  porous  vessel,  and  decomposes  tht?  copper  sulphate  intocof.f^T 
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Pljy.  807,— Dia^T  till  "\  n  DimieU's  battery. 

and  sulphuric  acid.  TJie  fonoer  is  deposited  upon  the  copper  plate,  and  the 
latter  passes  through  the  porous  vessel  to  renew  the  sulphiu'ie  acid  which  i* 
being  used  up.  The  copper  sulphate  solution  is  rt^newed  by  spare  crystals  of 
the  salt,  wliich  are  kept  on  u  little  nhelf  attached  to  the  copper  plate,  and 
slightly  below  the  level  of  the  sohition  in  the  vessel.  The  current  of  electricitr 
supplied  by  this  battery  will  continue  without  variation  fora  cons idera hie  time. 
Other  continuous  current  batteries,  such  as  Grove's,  may  be  used  in  place  of 
Daniell 's.  Tlie  way  in  which  the  apparatus  is  arranged  is  to  attach  wirt*  tti 
the  copper  and  zinc  plates,  aud  to  bring  them  to  a  key,  which  is  a  little  appa- 
ratus for  cotmecting  the  wires  of  a  battery.  One  often  employed  is  Du  Bois 
Reymond*8  (fig.  308)  ;  it  consists  of  two  pieces  of  brass  about  an  inch  long,  in 
each  of  which  are  two  holes  for  wires  and  binding  screw,  to  hold  them  tightly: 
these  pieces  of  brass  are  fixed  upon  a  \Tilcanite  plate,  to  the  imder  surface  \A 
which  is  a  screw  clamp  hy  which  it  can  be  st^cured  to  the  table.  The  intervH] 
between  the  pieces  of  brass  can  he  bridged  over  by  means  of  a  third  thinaef 
piece  of  similar  metal  fixed  hy  a  screw  to  one  of  the  brass  pieces,  and  capable 
of  movement  by  a  handle  at  right  angles,  so  as  to  touch  the  other  piece  of 
If  the  wires  from  tlie  battery  are  brought  to  the  inner  binding  screwit 
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and  ttio  briilgi*  conneetH  thom.  the  current  pasaea  across  it  and  back  to  the 
battery.  Wires  are  connected  with  the  oiiter  binding  ©crews^  and  the  other 
6Qds  are  joined  tog-etber  for  fil«»ut  two  inches,  but,  being  covered  exccfit  at 
their  points*  are  inBiilated ;  the  uncovered  points  are  about  an  eighth  of  an 
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Fi|r,  808.— A,  Du  Bofs  Keyraond's  Key. 


B,  Mercury  Key* 


inch  apart.  These  wires  are  the  fleetrotles,  and  the  electrical  Btimulus  is  applieti 
to  the  muscle  through  them,  if  they  are  placed  IjebiDd  its  nerve.  When  the 
connection  between  the  tivo  brass  plates  of  the  key  is  broken  by  depressing  the 
handle  of  the  bridge,  the  key  is  then  said  to  be  apejied. 

An  induced  current  is  developed  by  means  of  an  apparatus,  called  an  induc- 


Ffg.  900.— Du  Bo  1b  RejmoDtl's  ItuJuetioQ  coil. 

lion  coil  and  the  one  employed   for  physiological  purposes  is  mostly  Du  Bois 
Reymond's,  the  one  seen  in  fig.  309. 

Wires  from  a  battery  are  brought  to  the  two  binding  screwB  d'  and  d,  a  key 
intervening.     Tbesc  binding  screws  are  the  endaof  a  coil  of  coarse  covered  wire 
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c»  called  the  primary  roil.     The  ends  of  a  coil  of  finer  covered  wire  ^.  are  attadid 

to  two  bindiDg  screws  to  the  left  of  the  figure,  one  only  of  which  is  xhiUt. 
This*  is  the  secondary  VAy'il,  and  U  t'iipable  of  being  moveil  nearer  to  c  alon^  4 
groove  and  graduated  scale.  To  the  binding  b<'rews  to  the  left  of  g,  ttie  wira 
of  electrodes  UBed  to  stimulate  the  muscle  are  attached,  K  the  key  in  the  cir- 
cuit  of  wires  from  the  battery  to  the  primary  coil  (primarj'  circuit)  be  dosed, 
the  current  from  the  hattery  passes  through  the  primary  coiU  s^^  acToas  the 
key  to  the  batten*',  and  continues  to  i>ass  a^  long  as  Ihe  key  continues  dond. 
At  the  moment  of  clt^sure  of  the  key,  at  the  exact  instant  of  the  completion  oC 
the  primary  circuit,  an  instantaneous  current  of  electricity  is  induced  in  the 
secondary  coil,  g,  if  it  lie  sufficiently  near  and  In  line  with  the  primary  coil ; 
and  the  nearer  it  is  to  c.  the  Htronger  is  the  curri*nt  induced.  The  current 
is  oniif  numwttiury  in  dui'uiifjn  and  does  not  continue  during  the  "whole  of  the 
period  while  the  primary'  circuit  is  complete.  When,  however,  the  primarr 
current  is  broken  by  oi>pning  the  key,  a  second,  also  momentary,  current  ig 
indiiceti  in  g.  Tlie  fitrintT  iiiduc*Hi  current  is  called  tlie  makitig  and  the  latter 
the  breaking  shock  ;  the  former  is  in  the  opj>o8ite  direction  to^  and  the  latter  ia 
the  same  as.  the  primary  current. 

Tlie  induction  coil  may  l>c  used  to  priKluee  a  rapid  series  of  abockaby  meuis 
of  another  and  accessory  part  o(  the  apparatus  at  the  right  of  the  fig. ,  called 
the  magnetic  interrupter.  If  the  w  ires  from  a  battery  are  connected  with  the 
two  pillars  by  the  binding  screws,  tme  below  c,  and  the  other,  a,  the  ootuse  of 


Ffg.  SIO.— DiajKrom  of  tb&  eotirsc^  of  the  cnirrent  in  the  roaf^ietli;  InteirupUsr  of  Du  Bok  1 
mond*s  Induction  coil.     (Helmholx'*  lUfxHAcatioD.; 


the  current  is  indicated  in  fig.  310,  the  direction  being  indicated  by  the  arrows. 
The  current  passes  up  the  pillar  from  e.  and  along  the  springs  if  the  end  of  d 
is  close  to  the  spring,  the  current  passes  to  the  firiioary  coil  c,  and  to  wirta 
covering  two  upright  pillars  of  soft  hou,  from  them  to  tlie  pillar  a,  and  out 
by  the  wires  to  the  batter}^ ;  in  parsing  along  the  wire,  b,  the  soft  iron  is  cod- 
verted  into  a  magnet,  and  so  attractii  the  hammer,  /,  of  the  spring,  breaks  thi? 
ooanection  of  the  spring  with  ti ,  and  so  cuts  olT  the  current  from  the  primary 
coil,  and  also  from  the  electro -magnet.  As  the  pillars,  b,  are  no  longer  mag- 
netized the  spring  is  released,  and  the  current  passes  in  the  first  direction, 
and  is  in  like  manner  interrujited-  At  each  raake  and  break  of  the  primary 
current,  currents  correspKinding  are  induced  in  the  secondary  coii  These  cur- 
rents are  opposite  in  direction,  but  are  not  equal  in  intensity,  tlie  break  shock 
being  greater.  In  order  that  tlie  shocks  should  he  nearly  equal  at  the  make 
and  break,  a  wire  (fig.  'M(K  c)  connects  e  and  (i\  anti  the  screw  d  is  raise<i  out 
of  reach  of  tlie  springs  and  d  is  raided  (as  in  tig.  310) ,  ao  that  part  of  the  cur- 
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!x«(Qt  alwajB  passes  through  the  primary  coil  and  electro- magnet.     When  the 
[spriDg  touches  d,  thecurrcmt  in  b  is*  dimioisheii  but  nev«r  entirely  withdrawn, 
( And   the  primary  current  is  altered   in  intensity  at  each  contact  of  the  ©pring 
^vith  d,  but  never  entirely  hroken. 

Record  of  Muscular  Contraction  under  Stimuli,— The  muscles  of  the  frog  are 
most  convenient  for  the  pnqKise  of  recording  contractions.  Tlie  frog  is  pithed, 
that  is  to  say,  its  centnil  nervous  system  is  entirely  destroyed  by  the  insertion 
of  a  stout  neeille  into  the  spinal  cord,  ami  tlie  {mrts  above  it.  One  of  its  lower 
extremities  is  used  in  the  following  manner.  The  larjtife  trunk  of  the  sciatic 
nerve  is  dissected  out  at  the  back  of  the  thigh,  and  a  pair  of  electrodes  is 


Fl^.  811,— Anranppmfnt  of  the  apparaCiiH  neceflsar^^  for  recordtnpr  mimcle  foniroctloDB 
with  a  revolTincc  cylinder  carrvtnj?  Hmokt'<J  paper.  A,  Revolvlnff  cyli&der;  H.  the  frop  arratijft*d 
upon  a  oork-coverml  board  wfilch  in  capable  of  \yeiniff  nitaed  or  lowereil  on  tin*  iipriKht,  wbicli 
awo  cao  be  moved  alonj?  a  Hotkl  trlanxid'tr  bar  of  metal  attached  to  the  l^tm*^  nt  th«*  n*oordlTii; 
apfiarmtus— the  tendon  of  tbt*  (raHtrmjiiemius  is  aMAehed  to  the  vrritinir  lever.  prop<»rly  weiijhtwf. 
by  a  ligature.  The  electrodes  from  tlw  sec'indary  eoil  paHH  to  the  apparatus  — IjteiQjr,  for  the 
sake  of  coOTeolencft,  first  of  all  hrouKhl  to  a  keyl  D  (Tm  Bola  Reymond'R);  L\  th<*  induction 
coll;  F,  t^  battery  (Id  thin  tig.  a  hiebronmte  one);  E,  the  key  (Morw^s}  In  the  priunary  circuit, 

inserted  behrnd  it.  Tlie  tendo  achilliw  in  divided  from  itw  attachment  to  the 
06  caicis,  and  a  ligature  ts  tightly  tied  round  it,  This  tendon  is  part  of  the 
broad  muHf^le  of  the  thigh  (gastrt^nemiiis) ,  whicb  arises  from  above  the  con- 
dyles of  the  femur.  Tlie  femur  ia  now  fixed  to  a  bt>ani  covered  with  cork, 
and  the  ligature  attached  to  the  tendoD  ia  tied  to  the  upright  of  a  piece  of 
metal  bent  at  right  angles  ftig.  IJII,  B),  which  is  capable  of  movement  abt>ut  a 
pivot  at  ita  knee»  the  horizontal  portion  carrying  a  writing  lever  (myograph), 
Wheu  the  muscle  contracts,  the  lever  is  raised.  It  is  necessary  to  attach  a 
small  weight  to  the  lever.  In  this  ammgement  the  muscle  is  in  ititn,  and  the 
nerve  disturbed  from  itt*  relations  us  little  as  poswible. 

The  nauscle  may»  however,  be  detached  from  the  body  with  the  lower  end  of 


43S2 


HANDBOOK    OF    rilYSIOIiOGr, 


FI|r-  81«.»Mol8t  Chamber. 

the  femur  from  which  it  arises*  and  tht>  nerve  going  to  it  may  be  taken  away 

wilh  it  The  femur  is  divided  at  abrmt  the  lower  third.  The  bone  is  held  ina 
firm  elamp.  the  nerve  is  placed  iipoti  tw'O  elec"tr<xleH  coonected  witli  an  indQe- 
tion  apjwiratiis.  and  the  lower  end  of  the  musele  is  oonneeted  by  means  of  a 
ligature  attached  to  its  tendon  with  a  lever  win  eh  can  write  on  a  recording' 
appiiratua. 

To  prevent  evaporation  this  Bo-called  ncrve-miisvle  preparation  is  placed  under 
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Fie.  318. "Simple  fortii  of  petaihilum  royajfrnph  omd  accessory  parta.  Jl,  PiTOt  upon  which 
pendulum  nwlnsrs:  B,  cateb  on  lowf*r  ^ml  of  myojrraph  openlDe  tht?  key*  C,  In  its  awing:  A  * 
BprlnpT-catdh  whtch  rptaitia  tnj-^irraph-  Q«  incllcat*!id  by  dotifd  llnesk,  and  on  prp^ftingr  down  IJ» 
hAodle  of  wbieli  the  pendulum  sw  Inifw  alonR  tlie  arc  to  U  on  the  left  of  figure,  And  i«  caught  by 
itii  spring. 
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Bliade  {moist  chamber,  fij?.  312) ,  the  air  in  which  is  kept  moist  by  means 

tting  pa{>er  satumtiul  with  saline  soUition. 

fects  of  a  Single   Induction    Shock,— With    a   nprvp-muHrlG   preparation 

pped  in  either  of  theabovy  ways,  on  closing  or  opening  the  key  in  the  pri- 

circuit,  we  obtain  and  can  record  a  contraction,  and  if  we  use  the  clcx^k- 

apparatus  revolving  rapidly,  a  curve  is  traced  »uch  as  in  shown  in  tig.  314. 

IQither  way  of  recording  tlie  contraclion    is  hv  tht^  use  of  the  iiendulura 

Iftph  (flg,  813).     Here  the  movement  of  the  pendylum  along  u  c*?rtain  arc 

i6titutt»d  for  the  clockwork  movement  of  the  i»tlier  apparatus.     The  |ien- 

a  carries  a  smoked  glaas  plate  upon  whi<  h  the  writing  lever  of  a  tnyo- 

1   Ib  made  to  mark.     The  opeoing  or  breaking;  slitw^k    is    sent  ieto  the 

-muflcle  preparation  by  the  jiendulura  in  its  swing  opening  a  key  (tig.        ^^ 

:.}  In  the  primary  circuit.                                                                                         ^^H 

ingle   Muscle   Contractions. — The   tracing  {mnHrk  curve)  ob-       ^^ 
d  of  a  single  muscle  contraction  or  tivilch  is  seen  in  fig,  314,  and            1 
be  thus  explained.                                                                                           1 

lie  upper  line  (///)  represents  the  curve  traced  by  the  end  of  the  lever            H 
nnection  with  a  muscle  after  stimulation  of  the  muscle  by  a  single            1 
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fwl^^-ctirve  ohtAlnM  hy  me&HA  of  the  p^ndiihim  myoKraph. 
Iw  Itidut'tioii  shix'k;  c,  commi-noempnt ;  and  m  j*,  the  umxia 
of  n  vibrating  tyning-fork.     (M.  Fc*8ter.  > 

-jck :  the  middle-line  (1)  is  that  described  by  t 
dicates  by  a  sudden  drop  the  exact  instant 
jck  was  given.     The  lower  wavy  line   (/)  is 
ing-fork,  and  serves  to  measure  preciBely  the  t 
[>f  the  contraction. 

observed  that  after  the  stimulus  has  been  app 
vertical  line  s,  there  is  an  interval  before  th 
is  indicated  by  the  line  r.     This  interval,    te 
dp  when  measured  by  the  number  of  vibration 
iveen  the  lines  s  and  r,  is  found  to  be  about  y 
is  longer  in  some  muscles  than  in  others,  an 
the  condition  of  the  muscle,  being  longer  in  f 
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cles,  and  the  kind  of  stimulog  em  ployed.     During  the  latent  i>eriod  ther« 
is  no  apparent  change  iu  the  nniscle. 

The  second  part  is  the  {h)  stage  of  contraction  proper.  The  levtf 
is  raised  by  the  sudden  contrat'tiuu  of  the  niusele.  The  contractiun  is  at 
first  very  rapid,  but  then  progresses  more  slowly  to  its  maxijnufD,  indi- 
cated by  the  line  m  r,  drawn  through  its  highest  point.  It  occupies 
the  figure  j^  sec.  (r)  The  next  stage,  stage  of  elongation.  Mi 
reaching  its  highest  point,  the  lever  begins  to  descend,  in  conaequeuofrj 
of  the  elongation  of  the  muscle.  At  first  the  fall  is  rapid,  but  then  be- 
comes more  gradual  until  the  lever  reaches  the  absdsm  or  baseline,  asd 
the  muscle  attains  its  pre-con traction  length,  indicated  in  the  figure  bjr, 
the  line  v\  The  stage  occupies  ^ g-jj  second.  Very  often  after  the  main 
contraction  the  lever  rises  once  or  twice  to  a  slight  degree,  prodacinj 
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Fig-.  315.  —Tracing?  of  a  donible  miisc]e<^:ijrfe.  To  be  re«d  from  left  to  right.  Whll*  tiir 
musfle  was  i'n>fiifft*d  in  th«*  flmt  €<in traction  Cwhoie  conrifrlete  course,  bad  nothing  iDt^^ri-eiwd,  li 
Indlcnterl  by  tht^  dottt^l  ljinfj>^  a  fteeond  Induction -fliiock  wan  throwo  \n^  atDuch  a  time  that  tlv 
eecood  eontmLtkm  kief^an  just  aa  thi^  flrHt  wnn  liefriDnltii;  to  decline.  The  aeooud  curve  is  li^ 
to  Bt&rt  from  tho  first /«»  ooeil  th*  flrnt  from  tlie  base  line.     Oft,  Foster  J 


curves^  one  of  which  is  seen  in  fig.  315.  These  contractions,  due  to  the 
diitfticity  of  the  muscle,  are  called  most  properly  {d)  Stag^e  of  elastic 
after- vibration,  or  contr»ction  remainder. 

The  muscle  curve  obtained  from  the  heart  differs  frora  that  of  other 
striped  muscles  in  the  longer  duration  of  the  effect  of  stimulatioii;  the 
descending  curve  also  is  more  prolonged. 

The  greater  part  of  the  latent  period  is  taken  up  by  changes  in  the 
muscle  itself,  and  the  remainder  occupied  in  the  propagation  of  the 
shock  along  the  nerve. 

Tetanus* — If  we  stimulate  the  nerre-nuiBcle  preparation  with  two 
induction  shocks,  one  immediately  after  the  other,  when  the  point  of 
stimulation  of  the  second  one  corresptmda  to  the  maximum  of  the  first, 
a  second  cnrre  {fig.  315)  will  occur,  which  will  commence  at  the 
highest  point  of  the  first  and  will  rise  nearly  as  high,  so  that  the  sum  of 
the  height  of  the  tvro  curves  almost  exactly  equals  twice  the  height  of  the 
llrst.     If  a  third  and  a  fourth  ghock  hd  passed,  a  similar  effect  will  en* 
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i«e,  and  carves  one  above  the  other  will  be  traced,  the  third  being 
slightly  lower  than  the  gecond,  and  the  fourth  than  the  third.  If  a  more 
numerous  series  of  shocks  occur,  however,  the  lever  after  a  time  ceases 
to  rise  any  furtlier,  and  the  contraction^  which  has  reached  its  nmxi- 
mum,  is  maintained*     The  condition  which  ensues  is  called   Tt4a?iu^, 


Tig,  316. — Cunre  of  t*»tanii^.  <M:ain^  from  the  tcantroeni^inluM  of  a  f roj?,  where  the  nhocki 
t*  seot  in  from  an  fnductiuQ  L-oil,  about  nlxt^eo  time*  a  Bt^coctcU  by  the  fntemiption  of  the 
primikry  eitrrent  by  meww  of  «  vlbratlni^  spring,  which  ilip]>ed  into  A  cup  of  oiercury,  ^^^  broke 
the  primary  current  «t  each  rfbratioo. 

A  tetanus  is  really  a  summation  of  contractions,  bat  unless  the  stimuli 
become  very  rapid  indeed,  the  muscle  will  still  be  in  a  condition  of  vi- 
bratory contraction  and  not  of  unvarying  contraction. 

If  the  shocks,  however,  be  repeated  at  very  short  intervals,  being  15 
per  second  for  the  frog's  muscle,  but  varying  in  each  animal,  the  muscle 
contracts  to  its  utmost  suddenly  and  continues  at  its  maximum  contrac- 
tion for  some  time  and  the  lever  rises  almost  perpend i en larly,  and  then 
describes  a  straight  line  (fig,  317),     If  the  stimuli  are  not  quite  so  rapid 
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Fig.  S17,— Curve  of  tetanus,  rroDi  a  serieft  of  very  rapid  shocks  fTota  a  ma,Ri»etic  {nterrupter. 

the  line  of  maximum  contraction  becomes  somewhat  wavy,  indicating  a 
slight  tendency  of  the  muscle  to  relax  during  the  intervals  between  the 
stimuli  (fig.  316). 

Muscular  Work. — We  have  seen  that  work  is  estimated  by  multi- 
plying the  weight  raised,  by  the  height  through  which  it  has  Ixjen  lifted. 
It  has  been  found  that  in  order  to  obtain  the  maximum  of  work  a  mus- 
cle must  be  moderately  loaded:  if  the  weight  is  increased  beyond  a  cer- 
tain point,  however,  the  muscle  becomes  strained  and  raiaea  it  through 
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SO  email  a  distaBce  that  less  work  is  aceomplifhed.  If  the  load  id  still 
further  increased,  the  muscle  is  completely  overtaxed  and  cnunot  ram 
tlic  weigiit.  Ko  work  is  then  done  at  alL  Practicul  illastrations  oi 
these  fiictij  must  be  faniiliur  to  every  one. 

The  power  of  a  muscle  is  usually  measured  by  the  nmximuni  weight  which 
it  will  8ti[)t>ort  witliouE  stretchmg.  Id  mao  this  is  readily  determiDed  by  weight- 
ing  the  Ixxly  to  such  an  extent  that  it  can  no  longer  be  raised  on  tiptoe :  thti* 
the  fyowerof  the  calf -muscles  is  determined.  Tlie  power  of  a  mufiele  Ujua  esii- 
mated  depends  ot  course  upon  its  crofls-section.  Tlie  |X5wer  of  a  htmiAn  inugcjp 
is  from  twn  to  three  timed  as  great  as  a  frogs  muscle  of  the  same  seetiomal  area. 

Fatigue  of  Moscle, — A  muscle  becomes  rapidly  exhausted  from  n> 
peuted  siimnlatioo,  and  the  more  rapidly,  the  more  quickly  the  induc- 
tion-shocks succeed  each  other.  This  is  indicated  by  the  diminished 
height  of  the  muscular  contractions. 

A  fatigued  muscle  has  a  much  longer  latent  period  than  a  fresh  one. 
The  slowness  with  which  muscles  respond  to  the  will  wdxen  fatigued  muit 
he  familiar  to  every  one. 

In  a  muscle  which  is  exhausted,  stimvilation  only  causes  a  contraction 
producing  a  local  bulging  near  the  point  irritated.  A  similar  effect 
may  be  produced  in  a  fresh  muscle  by  a  sharjj  blow,  as  in  striking  the 
biceps  smartly  with  the  edge  of  the  hand,  when  a  hard  mnscnlar sweUing 
is  instantly  formed. 

Accompaniments  of  Muscular  Contraction.  ^ 

(L)  Heai  is  developed  in  the  contraction  of  muscles.  Becquerel  and 
Breschet  found,  with  the  thermo-multiplier  about  .5**  C.  of  heat 
produced  by  each  forcible  contraction  of  a  man's  biceps;  and  when  the 
actions  were  long  continued,  the  temperature  of  the  muscle  increased  l^ 
This  estimate  is  probably  high,  as  in  the  frog's  muscle  a  considerable 
contraction  has  been  found  to  produce  an  elevation  of  temperature  equal 
on  an  average  to  less  than  ^^'  0.  It  is  not  known  whether  this  develop- 
ment of  heat  is  due  to  chemical  changes  ensuing  in  the  muscle,  or  to  the 
friction  of  its  fibres  vigorously  acting:  in  either  case,  we  may  refer  to  it 
a  part  of  the  heat  developed  in  active  exercise. 

(2.)  Sound  is  produced  as  mentioned  above,  when  muacles  contract  ■ 
forcibly.  Wollaston  showed  that  this  sound  might  be  easily  heard  bv 
placing  the  tip  of  the  little  finger  in  the  ear,  and  then  making  g^ime 
muscles  contract,  as  those  of  the  ball  of  the  thumb,  whose  sound  may  be 
conducted  to  tho  ear  through  the  substance  of  the  hand  and  finger.  A 
low  shaking  or  rumbling  sound  is  heard,  the  height  and  loudnesa  of  the 
note  being  in  direct  proportion  to  the  force  and  quickness  of  the  mus- 
cular  action,  and  to  the  number  of  fibres  that  act  together,  or,  as  it 
were,  in  time. 
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(3»)  Changes  in  Shape, — There  is  a  considerable  difference  of  opinion 
ad  to  the  mode  in  which  the  transyersely  striated  muscular  fibres  con- 
tract. The  most  probable  account  is,  that  the  coutrHctiou  is  effected 
by  an  approximation  of  the  constitueTit  parts  of  the  fibrils^  which,  at 
the  instant  of  contraction,  without  any  alteration  in  their  general  direc- 
tion, become  closer,  flatter,  and  wider;  a  condition  which  is  rendered 
evident  by  the  approximation  of  the  transverse  striit?  seen  on  the  surface 
of  the  fasciculus,  and  by  its  increased  breadth  and  thickness*  The 
appearance  of  the  zigzag  lines  into  which  it  was  supposed  the  fibres  are 
thrown  in  contraction,  is  due  to  the  relaxation  of  a  fibre  which  has  been 
recently  contracted,  and  is  not  at  once  stretched  again  by  some  ant  ago* 
nist  fibre,  or  whose  extremities  are  kept  close  together  by  the  contractions 
of  otlier  fibres.  The  contraction  is  therefore  a  simple  and,  according  to 
Ed,  Weber,  a  uniform,  simultaneous,  and  steady  shortening  of  each  fibre 
and  its  contentii.     What  each  fibril  or  fibre  loses  in  length,  it  gains  in 

K thickness:  the  contraction  is  a  change  of  form  not  of  size;  it  is,  there- 
lore,  not  attended  with  any  diminution  in  bulk,  from  condensation  of 
the  tissue.     This  lias  been  proved  for  entire  muscles,  by  making  a  mass 
of  muscles,  or  many  fibres  together,  contract  in  a  vessel  full  of  water, 
with  which  a  fine,  |)erpendieular,  graduated  tube  communicates.     Any 
diminution  of  the  hulk  of  the  contracting  muscle  would  be  attended  by 
j^«i  fall  of  fluid  in  tlie  tuiKs  but  when  the  experiment  is  carefully  per- 
farined,  the  level  of  the  water  in  the  tube  remains  the  same,  whether 
le  muscle  be  contracted  or  not. 
In  thus  shortening,  muscles  appear  to  meeli  np^  he^mning  rounder^  more 
ii/i^»/,  harder,  and  apparently  tougher.     But  this  hardness  of  musole 
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JIR.— Thp  mJcroi»copIc  appeamn, 
after   Knj^ehtMUiii.     1.  A  pcn^- 
I  dlscabftilt;  b  «tidic«nprAC«M  ^ 


ni^    ft    mufHuitir  ronlrootion  In  thi^  lodiTlitiiAl 


f.  Triuisitioi)  iiuifr^;  and  1  gUk«re  »(  ^uHn»  con  tract  Iod:  In  cAi^h  oaoq  tJM  lifflit-lMiid 


■  Htifhtlv  aoubhr 
I vf fttcted,  blaclc  ends 
_  „  onoe 

actine  fvprewtita  Um*  vftvcl  of  puliu-lx«cl  Hirlil    cLAndois  art^r  E&i^huiijuiJ 

^■Jn  the  stat«  of  contraction  is  not  due  to  increased  firmness  or  condensa- 
^MioEi  of  the  muscular  ti.ssue,  bnt  to  tlie  increaaad  tension  to  which  the 
^Mbmf  as  well  as  their  tendons  and  other  tissnea,  are  subjected  from  the 
Hreaistanc^^  ordinarily  opposed  to  their  contraction.  When  no  resistance 
is  offered,  as  when  a  muscle  h  cut  off  from  its  tendon ,  not  only  is  no 
Iness  perceived  during  contraction,  but  the  muscular  tissue  is  even 
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softer,  more  eitensile,  and  less  elaetic  than  in  its  ordinary  unoontmcted 
Btate.  During  contraction  in  each  fibre  it  is  said  that  the  anisotroiioaa 
or  doubly  refractive  elements  become  leaa  refractive  and  the  singly  in- 
fract! ve  more  bo  (fig.  318). 

(4,)  Chemical  Vhungts. — (a)  The  reaction  of  the  mnacle  which  is 
normally  alkaline  or  neutral  becomes  decidedly  aeid^  from  the  develop- 
meet  of  earcokictic  acid,  {h)  The  muscle  gives  out  carbonic  acid  gus 
and  takes  up  oxygen,  the  amount  of  the  CO,  given  out  not  appearing  to 
be  entirely  dependent  upon  the  0  taken  in^  and  so  doubtless  in  pnrr 
arising  from  some  other  source.  (r)  Certain  imperfectly  understooi 
chemical  changes  occur,  in  all  probability  connected  with  {a)  and  (4). 
Glycogen  is  diminished,  and  glucose,  or  muscle  sugar  (inasite)  appears; 
the  extractives  are  increased* 

(5.)  Ekdrical  Chantjm. — When  a  musclo  contracts  the  natural  musde 
current  or  currents  of  rcf^t  undergo  a  distinct  diminution,  which  is  due 
to  the  appearance  in  the  actively  contracting  muscle  of  currenta  in  an 
opposite  direction  to  those  existing  in  the  muscle  at  rest.  This  caaMi 
a  temporary  deflect  ion  of  the  needle  of  a  galvanometer  in  a  direction 
opposite  to  the  original  current,  and  is  called  by  some  the  negative  vari' 
afion  of  the  muacle  current,  and  by  others  a  current  ofaetian. 

Conditions  of  Contraction.— (f/)  The  irritability  of  musck%  ai 
indicated  by  length  of  latent  period,  velocity  and  extent  of  contraction* 
is  greatest  at  a  certain  mean  temperature;  (b)  after  a  number  of  oon* 
tractions  a  muBcle  gradually  becomes  exhausted;  (r)  the  activity  of 
muscles  after  a  time  disappears  altogether  when  they  are  removed  from 
the  body  or  the  arteries  are  tied;  {d)  oxygen  is  used  up  in  muscular 
contrat^tion,  but  a  must^le  will  act  for  a  time  in  racno  or  in  a  gas  which  M 
contains  no  oxygen;  in  this  ciise  it  is  of  course  using  up  the  oxvgcu  ■ 
already  in  store ;  (f)  the  cuu  tract  ion  is  greater  if  the  stimulus  is  applied 
to  the  nerve,  thuTi  if  it  lie  applied  to  the  musclo  directly. 

Response  to  Stimuli. — The  two  kinds  of  fibres,  the  etriped  and 
the  unstriped,  have  characteristic  diflTerences  in  the  mode  in  which  thef  ■ 
acton  the  applicrition  of  the  same  stimulus;  difTerences  which  maybe 
ascribe*!  in  great  part  to  their  respective  differenecM  of  structure^  but  in 
some  degree,  possibly,  to  their  respective  modes  of  ton  nation  with  ths 
nervous  sy  Menu  When  irritation  is  applied  directly  to  a  muscle  with  J 
striated  fibres,  or  to  the  motor  nerve  supplying  it,  contraction  of  the] 
part  irritated,  and  of  that  only,  ensues;  and  this  contraction  is  instan- 
taneous, and  ceases  on  the  instant  of  withdrawing  the  irritation, 
when  any  part  with  uustripod  muscular  fibres,  e,  g,^  the  inteattnes  of 
bladder,  is  irritated,  the  subsequent  contraction  endues  more  filowly^l 
extends  beyond  the  part  irritated,  and,  with  alternating  relaxation,  con- 
tinues for  some  time  after  the  withdrawal  of  the  irritation.     The  dtl 
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[«nce  in  the  moiles  of  coiitnw?tion  of  the  two  kinils  of  museiilar  librea 
'may  be  particularly  illustrated  by  the  effects  of  tho  repeated  stimuli 
with  the  magoetic  interrupter.     The  rapidly  succeeding  ahocks  given 
by  this  means  to  the  nerves  of  niuscles  excite  in  all  the  trausversely  stri- 
ated muscles,  except  in  the  case  of  the  heart,  a  fixed  state  of  tetanic 
KjDotitraction  as  previously  described,  which  lasts  as  long  as  the  stimulug 


Flif.  S19.  — Muacte-cun^ea  from  tiit*  g^astrn 


m  iMi  H  nf  a  frog,  ii lustrst I n^  effects  of  altemlioii«  In 
temper  at  mv. 


ig  continned,  and  oniti  withdrawal  instantly  ceases;  but  in  the  muscles 
with  unst^i{^^ed  fibres  they  excite  a  slow  vermicular  movement,  which  is 
comparatively  slight  and  alternates  with  rest.  It  continues  for  a  time 
after  the  stimulus  is  withdrawn. 


In  their  niode  of  responding  to  these  stimuli,  all  the  skeletal  muscles,  or 
thoee  with  transverse  stria?,  are  alike  ;  but  among  thcitse  with  unstripttl  fibres 
there  are  many  differeuces— a  fact  which  teniln  tti  L-tmlirui  the  a|)itiiou  that 
their  peculiarity  dej>enda  as  well  uq  their  eonuertitm  with  nerves  and  ganglia 
as  on  their  own  pnipertiea.  The  ureters  and  i^uH-bia^kler  are  the  part»  least 
excitetl  by  ^tiiiiuH  ;  Ihoy  do  not  Rvt  ataU  till  the  HtLULuloH  has  been  long  applied, 
and  th€*u  cuntraet  ftM^bly,  and  to  a  small  extent.  The  contractions  of  the  CHa^cum 
and  stomach  are  (juickerand  w-ider  spread  :  still  quicker  thane  (»f  the  iris,  and  of 
the  urimm'  hliidder  »f  It  \h^  nut  Ux>  inlL  The  actions  of  the  small  and  large 
intestines,  of  the  vas  deferenn,  and  pregnant  uterus,  are  yet  more  Tiviil,  more 
regular,  and  more  Bustaintxl ;  ami  they  retjuire  no  more  sti  null  us  than  that  of  the 
air  to  excite  them.  The  heart,  on  accoimt.  doubtless,  of  it»  striated  muscle,  is 
the  qnicke.st  ami  most  vignroiis  of  all  the  nmscles  of  organic  lif**  in  contracting 
U{>on  irritation,  and  app*'ars  in  thin,  fis  in  nearly  all  other  res|>ects,  to  be  the  con- 
necting member  of  tlie  two  chiss</3  of  mtiscles. 

All  the  mnrtcles  retain  their  property  of  contracting  under  the  influence  of 
stimuli  applied  to  them  or  to  tlu^ir  nerves  f<jr  Home  tirne  after  deuth.  the  perlofl 
being  longer  in  cftltbblcMKkHl  than  in  warnidiliXMleil  Vertehmta,  and  whorfcer  in 
Birds  than  in  Mammalia.  It  would  seem  as  if  the  more  active  the  respiratory 
pn>cess  in  the  living  animal,  the  shorter  is  the  time  of  duration  of  the  irrita- 
bility in  the  muscles  after  death  ;  and  this  is  confirmed  hy  the  comparisi»n  of 
different  species  in  the  same  onler  of  Vertebrata.  But  the  peri<Ml  during  which 
this  irritability  lajst^  is  not  the  wime  in  .all  ]M^rsonj<,  nor  in  all  the  miLsrlen  of 
the  sjime  person.  In  a  man  it  ceases,  according  to  Nysten,  in  the  fi^llowing 
order  :^f!rHt  in  the  left  ventricle,  then  iu  the  intestines  and  stomach,  the 
urinar>^  liladder,  right  ventricle,  t esophagus,  iris  :  tljen  in  the  voluntary  mus- 
cles of  the  tnmk.  lower  and  upjier  extremities;  lastly,  in  tlje  right  and  left 
auricle  of  the  heart. 
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^  Muscle  in  Rigor  Mortis*  ^ 

After  the  muscles  of  the*  dead  body  have  loat  their  irritability  orcApi- 
bill  ty  of  being  t^xcittid  to  eon  traction  by  the  apjjlication  of  a  stimalug, 
they  spontaneously  piiss  into  a  state  of  contraction,  apparently  identical 
w\th  that  which  ensufis  during  life.  It  affects  all  the  muscles  of  the 
body;  and,  when  external  circumstances  do  not  prevent  it,  commonlj 
fixes  the  limbs  in  that  which  is  their  natural  posture  of  equilibrium  or 
rest.  Hence,  and  from  the  simultaneous  contraction  of  all  the  raugcles 
of  the  trunk,  is  produced  a  general  stiffening  of  the  body,  constituting 
the  Hgai*  moriis  or  jmst-moriern  rigidity. 

When  this  condition  has  set  in,  the  muscle  {a)  heramcif  and  in  reaction 
{due  to  development  of  sarcolactiu  acid),,  (b)  (fives  off  carbonic  acid'm 
great  excess,  (r)  dimitiifihes  in  robime sUyktly^  (d)  becomes  shortened  and 
opaque,,  its  substance  setting  firm.  Rigor  corner  on  much  more  rapidly 
tiftor  muscukr  activity,  iind  is  hiistent»d  by  warmth.  It  may  be  brought 
on,  in  niusclea  exposed  for  experiment^  by  the  action  of  distilled  water 
aiul  nuxny  acidj^,  also  by  freezing  and  thawing. 

Vaim\ — The  immediate  cause  of  rigor  seems  to  be  a  chemical  one. 
namely,  the  coagulation  of  the  muscle  plasma.  We  may  distinguish 
1 1 1  ree  mai  n  stages —  { 1 . )  G  rad  u  al  coagu  1  a  ti  on .  (2 . )  C  on  tract  i  on  of  coag^ 
rJated  nni«cle*clot  (myosin),  and  srpjoezi ng  out  of  muscle-serum,  (3.) 
Putrefac!tion.  After  the  first  stage,  restoration  is  possible  throngh  the 
circulation  of  arterial  blood  through  the  muscles,  and  even  when  th<? 
second  stage  has  set  in,  vitality  may  le  restored  by  dissolving  the  eoag- 
nhun  of  the  muscle  in  salt  solution,  and  passing  arterial  blood  through 
the  vessels.     In  the  third  stage  recovery  is  impossible. 

It  has  been  noticed  that  the  relaxation  in  muscles  after  rigor  eome- 
times  occurs  too  quickly  to  be  caused  by  putrefaction,  and  the  suggestion 
that  in  such  cases  at  any  rate  such  relaxation  is  due  to  a  ferment-action 
is  very  plausible.  It  is  known  that  pepsin  is  jiresent  in  muscles,  and 
that  this  ferment  will  act  in  an  acid  medium.  The  conditions  for  the 
solution  of  the  coagulated  myosin  are  therefore  present  as  the  /eactiom 
of  rigored  muscle  is  acid, 

Order  of  Occur renve. — The  muscles  are  not  affectefi  simultaneously  oy 
rigor  mortis.  It  affects  the  neck  and  lower  jaw  first;  next,  the  upper 
extremities,  extending  from  above  downward;  and  lastly,  reaches  the 
lower  limbs;  in  some  rare  instances  only,  it  affects  the  lower  extremiti^ 
before,  or  simultaneously  w^th,  the  upper  extremities.  It  usually  ceasee 
in  the  order  in  which  it  begins:  first  at  the  head,  then  in  the  upper 
extremities,  and  lastly  in  the  lower  extremities.  It  never  comraencea 
earlier  than  ten  minutes,  ami  never  later  than  seven  hours  after  death; 
and  its  duration  is  greater  in  proportion  to  the  lateness  of  its  accession. 
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Heat  is  developed  during  the  passage  of  a  muscular  fibre  into  the  condi- 
tion of  rigor  mortis. 

Since  rigidity  does  not  ensue  until  muscles  have  lost  the  capacity  of 

ig  excited  by  external  stimuli,  it  follows  Ihat  all  firciimstanees  which 
ase  a  speedy  exhaustion  of  muscular  irritability,  induce  an  early  oc- 
currence of  the  rigidity,  while  conditions  hy  which  the  disappearance  of 
the  irritability  is  delayed,  are  soccecded  by  a  tardy  onset  of  this  rigidity. 
Hence  its  speedy  occurrence,  and  equally  »i>eedy  departure  in  the  bodies 
of  persons  exhausted  by  chronic  diseases;  and  it-s  tardy  onset  and  long 
continuance  after  sudden  death  from  acute  diseases.  In  some  cases  of 
sudden  death  from  lightning,  violent  injuries,  or  paroxysms  of  passion, 
rigor  mortis  has  been  said  not  to  occur  at  all;  but  this  is  not  always  the 
case.  It  may,  indeed,  be  doubted  whether  there  is  really  a  complete 
absence  of  the  porft-mortcm  rigidity  in  any  such  cases;  for  the  ex|ieri- 
ments  of  Brown-8equard  make  it  probable  that  the  rigidity  may  supervene 
immediately  after  death,  and  then  pass  away  with  such  rapidity  as  to  be 
scarcely  observable. 

The  occurrence  of  rigor  mortis  is  not  prevented  by  the  previous  exist- 
ence of  paralysis  in  a  part,  provided  the  paralysis  has  not  been  attended 
with  very  imperfect  nutrition  of  tlie  muscular  tissue. 

The  rigidity  affects  the  involuntary  m  well  as  the  voluntary  muscles, 
whether  they  be  constructed  of  striped  or  unstriped  fibres.  The  rigidity 
of  involuntary  muscles  with  striped  fibres  is  shown  in  the  contraction  of 
the  heart  after  death.  The  contraction  of  the  muscles  with  unstriped 
fibres  is  shown  by  an  experiment  of  Valentin,  who  found  that  if  a  grad- 
uated tube  connected  with  a  portion  of  intestine  taken  from  a  recently- 
killed  animal,  be  fdled  with  water,  and  tied  at  the  opposite  end,  the 
water  will  in  a  few  hours  rise  to  a  considerable  height  in  the  tube, 
owing  to  the  contraction  of  the  intestinal  walls.  It  is  still  Ijetter  shown 
in  the  arteries,  of  which  all  that  have  muscular  coats  contract  after 
death,  antl  thus  present  the  roundness  and  cord -I ike  feel  of  the  arteries 
of  a  limb  lately  removed,  or  those  of  a  body  recently  dead.  Subsequently 
they  relax,  as  do  all  the  other  muscles,  and  feel  lax  and  flabby,  and  lie 
as  if  flattened,  and  with  their  walls  nearly  in  contact. 

Action  of  the  Voluntary  Muscles. 

The  greater  part  of  the  voluntary  muscles  of  the  body  act  as  sources 
of  power  for  moving  levers, — the  latter  consisting  of  the  various  bones  to 
which  the  muscles  are  attached. 

Examples  of  the  three  orders  of  levers  in  the  Human  Body.— All  lerera  have 
been  divided  into  three  kindij*  according  to  the  relative  pO(«itio(D  of  the  power. 
the  fteight  to  be  removed,  and  the  a^is  of  notion  or  fulcrum.  In  a  lever  of 
^e  first  kind  the  power  \&  at  one  extrejnity  of  the  lever,  the  weight  at  the  <>t!j>  r 
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and  the  fxderum  between  the  two.  If  the  initial  letters  only  of  the  power, 
weight,  and  fulcrum  be  used,  the  arrangement  will  stand  thus : — P.  F.  W.  a 
poker  as  ordinarily  used,  or  the  bar  in  fig.  820,  may  be  cited  as  an  example  of 
this  variety  of  lever ;  while,  as  an  instance  in  which  the  bones  of  the  human 


I 


Fig.  890. 

skeleton  are  used  as  a  lever  of  the  same  kind,  may  be  mentioned  the  act  of 
raising  the  body  from  the  stooping  posture  by  means  of  the  hamstring  muscks 
attached  to  the  tuberosity  of  the  ischium  (fig.  820) . 

In  a  lever  of  the  second  kind,  the  arrangement  is  thus : — ^P.  W.  F.  ;  and  this 
leverage  is  employed  in  the  act  of  raising  the  handles  of  a  wheelbarrow,  or  in 
stretching  an  elastic  band,  as  in  fig.  821.  In  the  human  body  the  act  of  open- 
ing the  mouth  by  depressing  the  lower  jaw  is  an  example  of  the  same  kind— 


F 
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the  tension  of  the  muscles  which  close  the  jaw  representing  the  weight 
(fig.  821). 

In  a  lever  of  the  third  kind  the  aiTangement  is — F.  P.  W.,  and  the  act  of 
raising  a  }X)le,  as  in  fig.  822,  is  an  example.  In  the  human  body  there  are 
numerous  examples  of  the  employment  of  this  kind  of  leverage.  The  act  of 
bending  the  fore-arm  may  be  mentioned  as  an  instance  (fig.  822).  The  act  of 
biting  is  another  example. 

At  the  ankle  we  have  examples  of  all  three  kinds  of  lever.  Ist  kind — Ex» 
tending  the  foot.  3d  kind— Flexing  the  foot.  In  both  these  cases  the  foot 
represents  the  weight :  the  ankle  joint  the  fulcrum,  the  power  being  the  calf 
muscles  in  the  first  case  and  the  tibialis  anticus  in  the  second  case.     2d  kind— 
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Wben  the  body  is  raised  on  tiptoe.  Her©  the  ground  is  the  fulcrum ,  the 
weight  of  the  body  acting  at  the  ankle  joint  the  weight,  and  the  calf  mudcles 
the  jiower. 

In  the  human  body,  levers  are  most  frequently  used  at  a  disadvantage  as 
regards  piwer,  the  latter  being  saerifieed  for  the  sake  of  a  greater  range  of 
motion.  Tluus  in  the  diagranifi  of  the  first  and  third  kindB  it  is  evident  that 
the  power  is  bo  close  to  the  fulcrum,  that  great  forre  must  he  exercised  in  order 
lo  produce  motion.     It  is  also  evident,  however,  from  the  same  diagrams,  that 


^ 


y>y  the  closeness  of  the  power  to  the  fulcrum  a  great  range  of  movement  can 
obtaiBed  by  means  of  a  compavatively  slight  shortening  of  the  nmscular 

abFCB. 

The  greater  number  of  the  more  important  musoiilar  actions  of  the 
[liiiman  botly-^thoso,  namely,  which  aro  arranged  hurmonioosly  so  as  to 
itiibserTe  some  definite  purpose  or  other  in  the  animal  economy— are  de- 
'  scribed  in  various  parts  of  this   work,  in  the  sections  which  treat  of  the 

physiology  of  the  processes  by  which  these  muscular  actions  are  resisted 
I  or  carried  out.     There  are,  however,   one  or  two  very  important  and 

somewhat  complicated  muscular  acts  which  may  be  best  described  in 
I  this  place. 

Walking:.— In  the  act  of  walking,  almost  every  voluntary  muscle  in  the  body 
is  brought  into  play,  either  directly  for  pur|)o»e8  of  prngression.  or  indirectly 
for  the  Preiser  balancing  of  the  head  and  trunk.  The  nmscles  of  the  arms  are 
least  concerned ;  but  even  these  are  for  tlie  mi^st  jmrt  instinctively  in  action  to 
Bome  extent. 

Among  the  chief  muscles  engaged  directly  in  the  act  of  walking  are  those  of 
the  calf,  which,  hy  pulling  up  the  heel,  pull  up  also  the  astragalus,  and  with  it, 
of  course,  the  whole  body,  the  weight  of  w*hich  is  transmitted  throngh  the 
tibia  to  this  hone  (fig.  iJ33).  ^^len  starting  to  walk.  Hay  with  the  left  leg, 
thie  raiaiug  of  the  hotly  is  not  left  entirely  to  the  mwscles  of  the  left  calf,  iiut 
the  trunk  is  thrown  fonvard  in  HUch  a  way,  that  it  wnuld  fall  prostrate  were 
it  not  that  the  right  ftiot  is  brought  fui-waril  and  planted  on  the  ground  to  sup- 
port it-  Thus  the  muscles  of  the  left  calf  are  assisted  in  their  action  hy  thiii^e 
muficleflon  thefmntof  the  tnink  and  legs  which,  by  their  contraction,  pnll  the 
body  forward  ;  and.  of  course,  if  th^  trunk  forui  a  slanting  line,  with  the  in- 
clination forward,  it  is  plain   that  wiien  the  heel  is  raised  by  the  calf -muscles. 
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the  whole  body  will  be  raised,  and  pushed  obliquely  forwaid  and  upwazd 
The  sucoessive  acts  in  taking  the  first  step  in  walking  are  represented  in 
fig.  828,  1,  2.  3. 

Now  it  is  evident  that  by  the  tijne  the  body  has  assumed  the  position  No.  t, 
it  is  time  that  the  right  leg  should  be  brought  forward  to  support  it  and  pt«. 
vent  it  from  falling  prostrate.  This  advance  of  the  other  leg  (in  this  case  the 
right)  is  effected  partly  by  its  mechanically  swinging  forward,  penduluoi. 
wise,  and  partly  by  muscular  action ;  the  muscles  used  being — Ist^  those  on  the 
front  of  the  thigh,  which  bend  the  thigh  forward  on  the  pelvis,  especially  the 
rectus  femoris,  with  the  psoas  and  the  iliacus ;  Mly,  the  hamstring  musdo, 
which  slightly  bend  the  leg  on  the  thigh ;  and,  3dly,  the  muscles  on  tiie 
front  of  the  leg,  which  raise  the  front  of  the  foot  and  toes,  and  so  prevent  tiie 
latter  in  swinging  forward  from  hitching  in  the  ground. 

The  second  part  of  the  act  of  walking,  which  has  been  just  described,  is 
shown  in  the  diagram  (4,  fig.  323) . 

When  the  right  foot  has  reached  the  ground  the  action  of  the  left  leg  has  not 
ceased.  The  calf- muscles  of  the  latter  continue  to  act,  and  by  puUing  up  the 
heel,  throw  the  body  still  more  forward  over  the  right  leg,  now  bearing  nearlr 
the  whole  weight,  until  it  is  time  that  in  its  turn  the  left  leg  should  swing 
forward,  and  the  left  foot  be  planted  on  the  ground  to  prevent  the  body  from 
falling  prostrate.  As  at  first,  while  the  calf-muscles  of  one  leg  and  foot  an 
preparing,  so  to  tpeak,  to  push  the  body  forward  and  upward  from  behind 
by  raising  the  heel,  the  muscles  on  the  front  of  the  trunk  and  the  same  leg 
(and  of  the  other  leg,  except  when  it  is  swinging  forward)  are  helping  the 


act  by  jmlling  the  legs  and  trunk,  so  as  to  make  them  incline  forward,  th« 
rotation  in  the  inclining  forward  being  effected  mainly  at  the  ankle  joint 
Two  main  kinds  of  leverage  are.  therefore,  employed  in  the  act  of  walking, 
and  if  this  idea  be  firmly  grasiwd.  the  details  will  be  understood  with  com- 
parative ease.  One  kind  of  leverage  employed  in  walking  is  essentially  llie 
same  with  that  employed  in  pulling  forward  the  pole,  as  in  fig.  322.  And  the 
other,  less  exactly,  is  that  employed  in  raising  the  handles  of  a  wheelbarrow. 
Now,  supposing  the  lower  end  of  the  pole  to  l>e  placed  in  the  barrow,  we 
should  have  a  very  rough  and  inelegant,  but  not  altogether  bad  representation 
of  the  two  main  levers  employed  in  the  act  of  walking.  The  body  is  pulled 
forward  by  the  muscles  in  front,  much  in  the  same  way  that  the  pole  might  be 
by  the  force  applied  at  P.,  while  the  raising  of  the  heel  and  pushing  forward 
of  the  trunk  by  the  calf-muscles  is  roughly  represented  on  raising  the  handles 
of  the  barrow.  The  manner  in  which  these  actions  are  p>erformed  alternately 
by  each  leg,  so  that  one  after  the  other  is  swung  forward  to  support  the 
trunk,  wliich  is  at  the  same  time  pushed  and  jmlled  forward  by  the  muscles 
of  the  other,  may  be  gathered  from  the  the  previous  description. 
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There  ia  one  more  thing  to  Iw  especially  noticed  tn  the  act  of  walking,     In- 

[•smuch  lis  the  bixly  is  being  constantly  supported  and  balanced  on  each  leg 

oately,  and  tlierefyre  on  only  one  at  the  same  moment,  it  is  evident  that 

must  be  some  provbion  inatle  for  throwing  the  centre  of  gravity  over  tbo 

I  of  support  formed  l»y  the  Ixtnes  of  each  leg,  a**,  in  its  turn,  it  supports  the 

l^efgbt  of  the  body.     Thin  may  be  done   in  various  wa3't)^  and  the  manner  in 

rhich  it  18  efPectetl    is  one  element  in  the  differences  which  ejcist  in  the  walk- 

*iii|^  of  different  people.     Thus  it  may  be  dune  hy  an  instinctive  slight  rotation  of 

the  pelvis  on  the  head  of  eai'h  femur  in  turn,  in  euch  a  manner  tliat  the  centre 

of  gravity  of  the  body  slmll  fall  over  the  foot  of  thit*  aide.     Thus  when  thelWy 

is  [Hished  onward  and  upward  by  the  raising,  say,  of  the  right  heel^  aa  in  fig, 

823,  8,  the  pelvis  is  instinctively   by    various   muscles  made  to  rotate  on   the 

head  of  the  left  fenmr  at  the  acetahuhiin.   to  the  left  side,  so  that  the  weight 

may  fall  over  the  line  at  sup|M»rt  forrofd   by  tlic  h^ft  leg  at  the  time  that  the 


right  leg  is  swinging  forward,  and  leaving  all  the  work  of  support  to  fall  on 
its  fellow.  Such  a  •*  rocking''  movement  of  the  trunk  and  pelvis,  however,  is 
accompanied  by  a  movement  i»f  ih^^  whole  trunk  and  leg  over  the  foot  which 
is  being  planted  on  the  ground  (fig.  S24)  :  the  action  being  accompanied  with 
a  compensatory  outward  movement  at  the  hip,  m€>re  easily  appreciated  by 
looking  at  the  figure  (iti  which  this  movement  is  shown  exaggerated)  than 
described. 

Thus  the  body  in  walking  is  continually  rising  and  swaying  alternately 
from  one  side  to  the  other,  as  its  centre  of  gravity  has  to  be  brought  alternately 
over  one  or  other  leg  ,  and  the  curvatures  of  the  spine  are  altereil  in  corre- 
8p>ondence  with  the  varying  position  of  the  weight  which  it  has  to  support.  Tlie 
extent  txj  which  the  Ixxiy  is  raised  or  swayed  differs  much  in  different  people. 

In  walking,  one  foot  or  the  other  is  always  on  the  ground.  The  act  of  leaping 
or  jtumping,  consists  in  so  siidden  a  raising  of  the  beets  by  the  eliarp  and  strong 
OQDtraction  of  the  calf  muscles,  that  the  Ijody  is  jerked  off  the  ground.  At  the 
^  time  the  effect  is  much  increased  by  first  bending  the  thighs "on  the  pel- 
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vm,  Hud  the  legs  on  tlie  thiglis,  and  then  suddenly  straighteDing  out  the  angles 
thus  formed.  The  share  which  this  action  has  in  producing  the  effect  may  he 
easily  known  by  attempting  to  leap  in  the  upright  posture,  with  the  legs  quite 
straight. 

Running  is  iM*rformed  by  a  series  of  rapid  low  jumps  with  each  leg  alto* 
nately  :  so  that,  during  each  complete  muscular  act  concerned,  there  is  a  mooiiQt 
when  both  feet  are  olT  the  ground. 

In  all  these  casew,  however,  the  description  of  the  manner  in  which  any 
given  effect  is  pnxluceii,  can  give  hut  a  very  imjjerfect  idea  of  the  infinite 
number  of  combined  and  hamioniousiy  arranged  nuiscular  coDtractionB  which 
are  ueceBsary  for  even  the  simplest  acts  of  locomotion. 

Action  of  the  Involuntary  Muscles. — The  involuntary  muBcIes 
are  for  tlie  most  part  not  attached  to  hones  arranged  to  act  as  lerers,  bat 
enter  into  the  formation  of  encli  hollow  parta  as  require  a  diminution  of 
their  calibre  by  muscular  action,  under  particular  circtimfitanoes.  Ex- 
amples of  this  action  are  to  be  found  in  the  inte-stines,  urinary  bladder, 
heart  and  blood -vessels,  gall-blaildcr,  ghmd-ducts,  etc. 

The  difference  in  the  manner  of  contraction  of  the  striated  and  non- 
striated  fibres  lias  been  already  referred  to  {p,  438);  and  the  pecuhar 
vermicular  or  peristaltic  action  of  the  latter  fibres  has  also  been  described. 

Electeical  Cteeexts  is  Nebtes. 

The  electrical  condition  of  nerves  is  so  closely  connected  with  the 
phenomena  of  muscular  contraction,  that  it  will  be  convenient  to  con- 
Bider  it  in  the  present  chapter. 

If  a  piece  of  nerve  he  removed  from  the  body  and  subjected  to  exami- 
nation in  a  way  Bimiltir  to  that  adopted  in  the  case  of  muscle,  which  hu 
been  described,  electrical  currents  are  found  to  exist  which  correspond 
exactly  to  the  natural  muscle  currents,  and  which  are  called  natural 
nm*vB  cnrrents  or  currents  of  rest^  according  as  one  or  other  theory  of 
their  existence  bo  adopted,  as  in  the  case  with  muscle.  One  point 
(equator)  on  the  surface  being  positive  to  all  other  points  nearer  to  the 
cut  ends,  and  the  greatest  deflection  of  the  needle  of  the  galvanometer 
taking  place  wiicn  one  electrode  is  applied  to  the  equator  and  the  other 
to  the  centre  of  either  cut  end.  As  in  the  cjise  of  muscle,  these  nerve 
currents  undergo  a  negative  variation  when  the  nerve  is  stimulated,  the 
variation  being  momentary  and  in  the  opposite  direction  to  the  natural 
currents;  and  are  similarly  known  vlb  the  currents  of  action.  The  cur 
rents  of  action  are  propagated  iu  botli  directions  from  the  point  of  the 
application  of  the  stimulus,  and  are  of  momentary  duration. 

Rheoscopic  Frog.^ — This  negative  variation  may  be  demonstrated  bj  meanfl  of 
the  following  experiment, — The  new  current  produced  by  stimulating  thenenre 
of  oue  nerve-muscle  preparation  may  be  used  to  stimulate  the  nerve  of  a  secood 
nerve- musde  preparation.     The  foreleg  of  a  frog  with  the  nerve  going  to  tb** 


i 


TIfE    METABOLISM    OF   THE    TlSSrES, 


447 


ga«trocnetniufl  cut  long  is  placc^l  upon  a  ^laH8  plate,  and  arranjzred  in  such  way 
that  it©  iier\"e  touches  in  two  places  the  Hciatkr  nerve,  exposeil  but  preserved 
til  situ  in  tlie  oppoBite  thigli  uf  the  frog:  The  electrtwjet*  fruni  an  induction 
ooil  are  placed  behind  the  sciatic  nerve  of  the  fiecond  preparation,  high  up. 
On  Bli mutating  it  with  a  single  inductioo  sh<x*k,  the  muaeles  not  only  of  the 
same  leg  are  found  to  undergo  a  twitch,  but  also  th<ise  of  tlie  first  preparation, 
although  this  is  not  near  the  electrodes,  and  s*>  the  stimulation  cannot  ^ye  due 
to  an  ftticape  of  the  current  into  the  first  nene.  This  ejsperiinent  is*  known 
nader  the  name  of  the  rheo»copic  frog. 

Nerve-stimuli, — Nerve-fibres  require  to  be  stimulated  l>eforethey  can 
manifest  any  ot  their  properties,  siaco  they  hflve  no  power  of  themselves 
of  generating  force  or  of  originating  impulses.  The  stimuli  whieh  are 
capable  of  exciting  nerves  to  action  are,  as  in  the  case  of  muscle,  very 
diverse.  They  are  very  similar  in  each  case.  The  mechanical,  chem' 
ical,  thermal,  and  electric  stimuli  which  may  bo  used  in  the  one  case 
are  also,  with  certain  differences  in  the  methods  employed,  efficacious  in 
the  other.  The  chemical  gtimuli  are  <jhicfly  these:  withdrawal  of  water, 
as  by  drying,  strong  solutions  of  neutral  salts  of  potassium,  sodium,  etc., 
fre«  inorganic  acids,  except  phosphoric;  some  organic  acids;  ether, 
chloroform,  and  bile  salts.  The  electrical  stimuli  employed  are  the 
induction  and  continuous  currents  concerning  which  the  observations  in 
reference  to  muscular  contraction  should  l>e  consulted.  Weaker  elec- 
trical stimuli  will  excite  nerve  than  will  excite  muscle;  the  nerve  stimuli 
appears  to  gain  strength  as  it  descends,  and  a  weaker  stimulus  applied 
far  from  the  muscle  will  liave  the  same  effect  as  a  stronger  one  applied 
to  the  nerve  near  tlie  muscle. 

It  will  be  only  necessary  here  to  add  some  account  of  the  effect  of  a 
comlani  current^  such  as  that  obtained  from  a  DanielTs  battery,  upon  a 
nerve.  This  effect  may  be  studied  with  the  apparatus  described  before. 
A  pair  of  electrodes  is  placed  behind  the  nerve  of  the  nerve-muscle  prep- 
aration, with  a  Du  Bois  Reymond's  key  arranged  for  short  circuiting 
the  battery  current,  in  such  a  way  that  when  the  key  is  opened  the  cur- 
rent is  ssent  into  the  nerve,  and  when  closed  the  current  is  cut  off.  It 
will  be  found  tliat  with  a  current  of  moderate  strength  there  will  Ije  a 
contraction  of  the  muscle  bot!i  at  the  opening  and  at  the  closing  of  the 
key  (called  resj>ectively  makhifj  and  breaking  contractions),  but  that 
during  the  interval  between  these  two  events  the  muscle  remains  flaccid, 
provided  the  battery  current  continues  of  constant  intensity.  If  the 
current  he  a  very  weak  or  a  very  strong  one  the  effect  is  not  f|uite  the 
same;  one  or  other  of  the  contractions  may  be  absent.  Which  of  these 
contractions  is  absent  depends  upon  another  circumstance,  viz.,  the 
direction  of  the  curretti.  The  direction  of  the  current  may  be  mceHditig 
or  descending:  if  ascending,  the  anode  or  positive  pole  is  nearer  the 
muscle  than  the  cathode  or  negative  pole,  and  the  current  to  return  to 
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the  battery  has  to  pass  up  the  nerve;  if  descending,  the  position  of  tht 
electrodes  ia  reversed.  It  will  be  necessary  before  considering  tliisqtiea- 
tion  further  to  return  to  the  apparent  want  of  effect  of  the  congtint 
current  during  the  interval  between  the  make  and  break  contraction:  ta 
alt  appearances  no  change  is  produced,  but  in  reality  a  very  importaijt 
alteration  of  the  irritability  ia  brought  about  in  the  nerve  by  the  pusage 
of  this  constant  (poiarizing)  current-  This  may  be  shown  in  two  wsra, 
first  of  all  by  the  galvanometer.  If  a  piece  of  nerve  >X5  taken,  and  if  at 
either  end  an  arrangement  he  made  to  test  the  electrical  condition  of 
the  nerve  by  means  of  a  pair  of  non-polarizable  electrodes  connected  with 
a  gaivanoraeter,  while  to  the  central  portion  a  pair  of  electrodes  con- 
negted  with  a  Danieirs  battery  be  applied,  it  will  be  found  that  the 
natural  nerve-currents  are  profoundly  altered  on  the  passage  of  the  con- 
stant current  in  the  neighborhood.  If  the  polarizing  current  be  in  the 
same  direction  as  the  latter  the  natural  current  is  increased,  but  if  in 
the  direction  opposite  to  it,  the  natural  current  is  diminished.  Thig 
change,  produced  by  the  continual  passage  of  the  battery-current  through 
a  portion  of  the  nerve,  is  to  be  distinguished  from  the  negative  varii- 
tion  of  the  natural  current  to  which  allusion  has  been  already  made,  and 
which  is  a  momentary  change  occurring  on  the  sudden  application  of 
the  stinuihis.  The  condition  produced  by  the  passage  of  a  constant 
current  is  known  by  the  name  of  Electrotonus. 

A  second  way  of  showing  the  effect  of  the  polarizing  current  is  by 
taking  a  nerve-muscle  preparation  and  applying  to  the  nerve  a  pair  of 
electrodes  from  an  induction  coil,  while  at  a  point  further  removed  from 
the  muscle,  electrodes  from  a  Danieirs  battery  are  arranged  with  a  key 
for  short  eircuiting  and  an  apparatus  (reverter)  by  which  the  battery 
current  may  be  reversed  in  direction.  If  the  exact  point  be  ascertained 
to  wiiich  the  secondary  coil  should  be  moved  from  the  primary  coil  in 
order  that  a  minimum  contraction  be  obtained  by  the  induction  shock, 
and  the  secondary  coil  he  removed  slightly  further  from  the  primary, 
the  induction  current  cannot  now  produce  a  contraction;  but  if  the 
polarizing  current  be  sent  in  a  descending  direction,  that  is  to  say,  with 
the  cathode  nearest  the  other  electrodes^  the  induction  current,  which 
was  before  insufficient,  will  prove  sufficient  to  cause  a  contraction; 
whereby  indicating  that  with  a  descending  current  the  irritability  of 
the  nerve  is  increased.  By  means  of  a  somewhat  similar  experiment  it 
may  be  shown  that  an  ascending  current  will  diminish  the  irritability 
of  a  nerve.  Similarly,  if  instead  of  applying  the  induction  electrodes 
below  the  other  electrodes  they  are  applied  between  them,  like  effects 
are  demonstrated,  indicating  that  in  the  neighborhood  of  the  cathode 
the  irritability  of  the  nerve  is  increased  by  the  passage  of  a  constaat 
current,  n>nd  in  the  neighborhood  of  the  anode  diminished*     This  in- 
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ia  irritahility  is  called  catelectrotonus,  and  similarly  the 
tfl  called  anelectrotonus.  As  tlif ru  is  betweou  the  eiectrodos 
both  au  increase  and  a  decrease  of  irritability  on  the  passage  of  a  po- 
larising current,  it  rno8t  be  evident  that  the  increase  must  shade  off  into 
the  decrease,  and  that  there  must  be  a  nndral  point  where  there  is 
neither  increase  nor  decrease  of  irritability.  The  position  of  tins 
neutral  point  ia  found  to  vary  with  the  intensity  of  the  polarizing  cur- 
rent— when  the  current  is  weak  the  point  is  nearer  the  anode,  when 
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Fig.  SSS—Dia^am  illusttratln^  the  ejrectii  of  ▼arious  iateosities  of  tlie  no]  prizing  eurrenU. 
n\  Dervt*:fi«  auodi^:  k,  cathixl<»:  the  oirves  «bore  indicate  inerowB,  atMltJuoae  behm  dtH^rcjkeute 
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of  IrritAbUJty,  and  when  the  eurrem  i^  &mial1  the  iDcre««e  aod  dacreaae  are  both  uuall,  with  the 
netttral  point  ncfar  a,  ant^  so  on  as  tiie  currenl  U  Increaaed  In  itrength. 

strong  nearer  the  cathode  (fig,  32r5) ;  when  a  constant  current  passes 
into  a  nerve,  therefore,  if  a  contraction  result,  it  may  be  riasumetl  that 
it  is  due  to  the  increased  irritability  produced  in  the  neighborhood  of 
the  cathode,  but  the  breaking  contraction  must  be  produced  by  a  rise 
in  irritability  from  a  lowered  state  to  the  normal  in  the  neighborhood 
of  the  anode.  The  contractions  produced  in  the  muscle  of  a  nerve- 
muscle  preparation  by  a  constant  current  have  been  arranged  in  a  table 
which  is  known  as  Pfliiger's  Law  of  Contractions.  It  is  really  only  a 
statement  as  to  when  a  contraction  may  be  expected : — 


fimiitoTtt  or  CfRKmr  tmRO. 

nBSCmKDtll©  CiTBBKIIT. 

Maki». 

Break, 

Hake. 

Bre&lL 

Very  Weak 

Weak  __ , 

Yes, 
Yes. 
Yea. 
Yes. 

No. 
No. 
Yea, 
No. 

Na 

Y€B. 

Yes. 
No. 

No, 
No. 

Morlerate 

Yea. 

Strong ,   ...... 

Yw. 

The  difficulty  in  this  table  is  chiefly  in  the  effect  of  a  weak  ascending 
current,  but  the  following  statement  may  remove  it.  The  increase  of 
irritability  at  the  cathode  when  the  current  is  made  is  more  potent  to 
produce  a  contraction  than  the  rise  of  irritability  at  the  anode  when  the 
current  is  broken;  and  so  with  weak  currents  the  only  effect  is  a  con- 
-    traction  at  the  make  of  both  currents.     The  descending  carrent  is  more 
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potent  than  the  ascending  (and  with  still  weaker  currents  is  the  <mlj 
one  which  produces  any  effect),  since  the  cathode  is  near  the  nrnade. 
In  the  case  of  the  ascending  current  the  stimulus  has  to  pass  through  a 
district  of  diminished  irritability,  which  with  a  very  strong  cnrrent 
acts  as  a  block,  being  of  considerable  amount  and  extent,  but  with  a 
weak  current  being  less  considerable  both  in  intensity  and  extent,  odIj 
slightly  affects  the  contraction.  As  the  current  is  stronger  howeier, 
recovery  from  anelectrotonus,  is  able  to  produce  a  contraction  as  well 
as  catelectrotonns ;  a  contraction  occurs  both  at  the  make  and  the 
break  of  the  current.  The  absence  of  contraction  with  a  very  strong 
current  at  the  break  of  the  ascending  current  may  be  explained  by  sup- 
posing that  the  region  of  fall  in  irritability  at  the  cathode  blocks  the 
stimulus  of  the  rise  in  irritability  at  the  anode. 

Thus  we  have  seen  that  two  circumstances  influence  the  effect  of  the 
constant  current  upon  a  nerve,  viz.,  the  strength  and  direction  of  the 
current.  It  is  also  necessary  that  the  stimulus  should  be  applied  mm/- 
denly  and  not  gradually,  and  that  the  irritability  of  the  nerve  should  k 
normal;  not  increased  or  diminished.  Sometimes  (when  the  prepara- 
tion is  specially  irritable?)  instead  of  a  simple  contraction  a  tetaniu 
occurs  at  the  make  or  break  of  the  constant  current.  This  is  especially 
liable  to  occur  at  the  break  of  a  strong  ascending  current  which  has 
been  passing  for  some  time  into  the  preparation;  this  is  called  Hitter's 
tetanus,  and  may  be  increased  by  passing  a  current  in  an  opposite  di- 
rection or  stopped  by  passing  a  current  in  the  same  direction. 

Muscular  and  Nervous  Metabolism. 

The  question  of  the  metabolism  of  muscle  both  in  a  resting  and  in  an 
active  condition  has  for  many  years  occupied  the  attention  of  physiolo- 
gists. It  cannot  be  said  even  now  to  be  thoroughly  understood.  Most 
of  the  facts  with  reference  to  the  subject  have  been  already  mentioned. 
We  may  shortly  recapitulate  them  here: — First,  muscle  during  rest  ab- 
sorbs oxygen  and  gives  out  carbon  dioxide.  This  has  been  shown  by  an 
analysis  of  the  gases  of  the  blood  going  to  and  leaving  muscles.  During 
activity,  e,  ^.,  during  tetanus,  the  same  interchange  of  gases  takes  place, 
but  the  quantities  of  the  oxygen  absorbed  and  of  the  carbon  dioxide 
given  up  are  increased,  and  the  proportion  between  them  is  altered  thus:— 


Venous  Blood. 

O,  less  than  Arterial 
Blood. 

CO,,  more  than  Arterial 
Blood. 

Of  resting  muscle 

9  per  cent. 

6.71  per  cent 

Of  active  muscle 

12.26  per  cent. 

10.79  per  cent. 
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There*  ia  then  a  greater  proportioD  of  ciirbon  dioxide  produced  in 
muscle  during  activity  than  during  rest. 

During  rigor  mortis  there  is  also  an  increased  production  of  carbon 
dioxide. 

Second,  muscle  during  rest  produces  nitrogenous  crystallizable  sub- 
stances, such  as  kreatin^  from  the  metabolism  which  is  constautlj  going 
on  in  it  during  life;  in  addition  there  m  in  all  probability  sarcolaetic 
acid  formed  and  other  non-nitrogenous  matters, 

During  actirity  the  nitrogenoos  substances,  such  us  kreatin,  undergo 
Tery  slight,  if  any,  increase — about  the  amount  produced  during  rest — 
but  the  sarcolaetic  acid  ia  distinctly  incre^ised;  sugar  (whether  glucose 
or  maltose  is  uncertain)  is  also  increased,  whereas  the  glycogen  is  dimin- 
ished* 

During  rigor  mortis  the  sarcolaetic  acid  is  also  increased,  and  in  ad- 
dition myosin  is  formed. 

From  these  data  it  is  assumed  that  the  processes  which  take  place  in 
resting  and  active  muscle  are  somewhat  different,  at  any  rate  in  degree. 
From  actively  eontracting  muscle,  also,  there  are  obtained  an  increased 
amount  of  heat  and  mechanical  work,  more  potential  is  converted  into 
kinetic  energy. 

Many  theories  have  been  proposed  to  explain  the  facts  of  muscular 
energy.  It  has  been  suggested  by  Herman  that  muscular  activity  de- 
pends upon  the  splitting  up  and  subsequent  re-formation  of  a  complex 
nitrogenous  body,  called  by  him  inogeu.  When  this  body  so  splits  up 
there  result  from  its  decomposition,  carbon  dioxide,  sarcolaetic  acid, 
and  a  gelatino-al bum i nous  body.  Of  these  the  carbon  dioxide  is  carried 
away  by  the  blood  stream;  the  albuminous  substance  and  possibly  the 
acid,  at  any  rate  in  part,  go  to  re-forra  the  inogen.  The  other  materials 
of  which  the  inogcn  is  formed  are  supplied  by  the  blood;  of  these  mate- 
rials we  know  that  some  carbohydrate  substance  and  oxygen  form  a  part. 
The  decomposition,  although  taking  place  in  resting  muscle,  reaches  a 
climax  in  active  muscle,  but  in  that  condition  the  destruction  of  inogen 
largely  exceeds  restoration,  and  so  there  must  be  a  limit  to  muscular 
activity.  But  this  is  not  the  only  change  going  on  in  muscle,  there  are 
others  which  affect  the  nitrogenous  elements  of  the  tissue,  and  from 
them  result  the  nitrogenous  bodies  of  which  kreatin  is  the  chief;  these 
changes  may  be  unusually  large  during  severe  exercise. 

It  has  been  further  suggested  that,  as  myosiuis  undoubtedly  formed 
in  rigor  mortis,  when  the  muscle  becomes  acid  and  gives  off  carbon 
dioxide,  that  myosin  is  also  formed  when  muscle  contracts,  and  that,  in 
other  words,  contraction  is  a  condition  akin  to  partial  death.  The 
electrical  reaction  appears  to  justify  this;  both  contracted  and  dead 
jnuscle  are  negative  to  living  muscle,  when  at  rest.     Wliat  happens  to 
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the  myosin  which  is  formed  when  muscle  contracts,  if  this  vieV  be  the 
correct  one,  is  unknown.  Halliburton  suggests  that  the  myosin  which 
can  be  made  to  clot  and  unclot  easily  enough  outside  the  body,  is  able 
to  do  the  same  thing  in  the  body.  It  is  possible  that  the  clotting  of 
myosinogen  which  is  supposed  to  occur  during  contraction,  is  not  of  the 
same  intensity  or  extent  as  that  which  occurs  post  mortem.  The  rela- 
tion of  the  hypothetical  inogen  to  the  rest  of  the  muscle-fibre  is  unde- 
termined. It  may  be  that  the  inogen  is  formed  by  the  activity  of  the 
muscle-protoplasm,  and  stored  up  within  itself,  and  that  during  rest  of 
muscle  it  is  gradually  used  up,  whereas  in  activity  it  is  suddenly  and 
explosively  decomposed.  In  the  rest  of  the  fibre  the  nitrogenous  meta- 
bolism continues  much  the  same  during  rest  as  during  activity. 

Again,  histologically,  the  question  as  to  which  is  the  contractile  and 
which  is  the  non-contractile  part  of  muscle,  has  been,  as  we  have  seen 
(p.  84  et  seq,)y  a  matter  of  much  controversy. 

As  regards  nen^ous  metabolism^  we  have  little  knowledge  of  anything 
except  the  electrical  phenomena  which  have  been  already  considered. 
For  the  maintenance  of  nervous  irritability,  oxygen  is  required ;  to  form 
this,  it  has  been  suggested  that  the  nervous  impulse  is  the  result  of 
processes  of  an  oxidative  character,  etc.  The  chief  seat  of  the  metabo- 
lism is  no  doubt  the  axis-cylinder.  The  question  whether  a  nervoua 
impulse  is  possibly  an  electrical  change,  as  has  been  asserted  by  some, 
cannot  be  at  present  settled,  but  if  it  be  so,  at  any  rate  it  differs  essenti- 
ally from  an  ordinary  current,  if  in  no  other  respect,  at  any  rate  in  the 
rate  of  transmission. 


CHAPTER  XTI 

METABOLISM  OF  THE  TISSUES. 

Glandular  Metabolism. 

It  is  tlie  function  of  gland  calla  to  produce  by  the  metabolieTii  of  their 
protoplasm  certain  substances  called  gecretions*  These  materials  are  of 
two  kinds;  viz,,  those  which  are  employed  fur  the  piirpoae  of  serving 
some  ulterior  office  in  the  economy,  and  thoae  which  are  discharged  from 
the  body  as  useless  or  injurious.  In  the  former  case,  tlie  separated 
materials  are  termed  true  seariiojts;  hi  the  latter  tliey  are  termed  excre-' 

The  secretions  iis  a  rule  consist  of  snbstancefl  which  do  not  pre-exist 
in  the  same  form  in  the  blood,  but  require  siiecia!  cells  and  a  proceaa 
of  elaboration  for  their  formation,  €,g.y  the  liver  cells  for  the  forma- 
tion of  bile,,  the  mamillary  ghind-cells  for  the  formation  of  milk.  The 
excretions,  on  the  other  hand,  commonly  consist  of  substances  wliieli 
exist  ready-formed  in  the  blood,  and  are  merely  abstracted  therefrom. 
If  from  any  cause,  sucli  as  extensive  disease  or  extirpation  of  an  excre- 
tory organ,  the  separation  of  an  excretion  is  prevented,  and  an  accumu- 
lation of  it  in  the  blood  ensues,  it  frequently  escapes  throogh  other 
organs,  and  may  be  detected  in  various  fluids  of  tlie  bndy.  But  this  is 
never  the  cjise  with  secretions;  at  legist  with  those  tliat  are  most  elal^o- 
rated;  for  after  the  removal  of  the  special  organ  by  which  each  of  them 
is  manufactured,  the  secretion  is  no  longer  formed.  Cases  sometimes 
occur  in  which  tlie  secretion  continues  to  be  formed  by  the  natural 
organ,  but  not  being  able  to  escape  toward  the  exterior,  on  account  of 
some  obstruction,  is  re-absorbed  into  the  bloo<l,  and  afterward  discharged 
from  it  by  exudation  in  other  ways;  but  these  are  not  instances  of  true 
vicarious  secretions,  and  must  not  be  so  regarded. 

The  circumstances  of  their  formation,  and  their  final  destination,  are, 
however,  the  only  particulars  in  which  secretions  and  oxeretiona  can  be 
distinguished;  for,  in  general,  the  structure  of  the  parts  engaged  in 
eliminating  excretions  is  as  complex  as  that  of  tho  parts  eoncenied  in  the 
formation  of  secretions.  And  since  the  differences  of  the  two  processes 
of  separation,  corresponding  with  those  in  the  several  purposes  and  des- 
tinations of  the  fluids,  are  not  yet  ascertained,  it  will  be  sufficient  to 
epeak  in  general  terms  of  the  process. 
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Every  Becretiiig  apparatus  possesses,  a  sessential  parte  of  iU  gtmctnre^ 
a  simple  and  almost  textureless  membrane,  named  the  primary  or  bafne- 
mcttt-mmihmm;  ceruin  n-fh;  and  bhml-retisph.  These  throe  stnictnral 
elements  are  arranged  together  in  various  ways;  but  all  the  varieties  may 
be  classed  under  one  or  other  of  two  principal  divisions,  namely »  wfw- 
hranes  and  glauih. 


Organs  and  Tissues  of  Secretion. 

The  principal  secreting  organs  are  the  following: — (I)  the  serons 
-fijnovial  membranes;    (2)    the    mucous    membranes  with  their   special 

ids,  e.jf.,  the  buccal,  gastric,  and  intestinal  glands;  (3)  the  ealiTaiy 
glands  and  punereai?;  (4)  the  manmiary  glands;  (5)  the  liver;  ((5)  the 
lachrymal  gland;   (T)  the  kidney  and  skin;  and  (8)  the  testes. 

The  structure  and  functions  of  the  glands  secreting  materials  used  in 
digestion  we  have  already  considered,  and  they  need  not  detain  us  here. 
The  functions  of  the  kidney  and  skin  have  also  Ijeen  dealt  with. 

The  lachrymal  gland  will  be  considered  with  the  rest  of  the  optic 
apparatus  antl  the  testes  in  the  Chapter  on  Cene ration.  There  remain, 
then,  tlie  serous  and  ntucous  membranes  and  the  mammary  gland  to  be 
here  described,  and  also  that  part  of  the  secreting  function  of  the  liver 
which  is  couwrncd  with  the  fornuition  of  glycogen  and  of  urea. 

(1. )  Serous  and  Synovial  Membranes. — Serous  membranes  are  of 
two  principal  kinds:  Ui,  Tliose  which  lino  visceral  cavities, — ihemrath' 
nmd^  jierivnnlinm^  jAeurw^  jurifotifitm^  and  tnnirw  rmfinalm^  2iL  Tlie 
si/novial  membranes  lining  the  joints,  and  the  sheaths  of  tendons 
and  ligaments,  with  which,  also,  are  usually  included  the  sffnmHal  kurmf 
or  bNfsw  mitfOH(p^  whether  these  be  subcutaneous,  or  situated  beneatli 
tendons  and  glide  over  bones. 

The  serous  membranes  form  closed  sacs,  and  exist  wherever  the  tree 
surfaces  of  viscera  come  into  contact  with  each  other  or  lie  in  cavities 
unattached  to  surrounding  parts.  The  viscera  invested  by  a  seroas 
membrane  are,  as  it  were,  pressed  into  the  shut  sac  which  it  foroifl, 
carrying  before  them  a  portion  of  tlio  membrane,  which  senree  fts  thrir 
investment.  To  the  law  that  serous  membranes  form  shut  sacs^  thwe 
is,  in  the  human  subject,  one  exception,  viz. :  the  opening  of  the  Fal* 
kipian  to  bet?  into  the  abdominal  cavity, — an  arrangement  which  exifti 
in  man  and  all  Vertcbrata,  with  the  exception  of  a  few  ishes. 

llie  serous  membranes  are  especially  distinguished  by  the  characters 
of  the  endothelium  covering  their  free  surface:  it  always  consista  of  s 
single  layer  of  polygonal  cells.  The  ground  substance  of  most  serous 
membranes  consists  of  connective-tissue  corpuscles  of  various  forms 
lying  in  the  branching  spaces  whir^h  constitnte  the  lymph  aiHalieukr 
sydmn^  and  interwoven  with  bundles  of  white  fibrous  tissue*  und  nn* 
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merous  delicate  elastic  fibri lire,  together  with  blocxl-vessels,  nerves,  and 
lyniphatics.  In  relation  to  the  process  of  secretion,  the  layer  of  connec- 
tive tissne  serves  as  a  groundwork  for  the  ramification  of  blood-vessels, 
nervea,  and  lyniphatics.  But  in  its  usual  form  it  is  absent  in  some  in- 
stances, as  in  the  arachnoid  covering  the  dura  mater,  and  in  the  interior 
of  the  ventriclea  of  the  brain.     The  primary  membrane  and  epitlielium 


rig.  886. ^Section  of  fTnovfii!  inpnihrnrM?.     a.  Enaoth<»lUI  ooT«rii«  of  the  ekfmlloiii  of  tho 
__j(i}bnuie*.  6,  lubMroos  tiMii«  coatAininfc  fat  lUid  blocMl-vMseU;  c,  lisAtucoi  oovvred  bj  tli«  ^* 
ttorlAl  inembrmiie,     cC»di»t.) 

are  always  present,  and  are  concerned  in  the  formation  of  the  flnid  by 
which  the  free  surface  of  the  membrane  is  moistened. 

Functiam. — The  principal  purpose  af  the  serous  and  synoTial  mem- 
bmnes  is  to  fnrnish  a  smooth,  moist  surface,  to  facilitate  the  movements 
of  the  invested  organ,  and  to  prevent  the  injurious  effects  of  friction. 
This  purpose  is  esjK?cially  manifested  in  joints,  in  which  free  and  exten- 
sive movements  take  place;  am]  in  the  stomach  and  intestines,  ivhieh, 
from  the  varying  quantity  and  movements  of  their  contents,  are  in  al- 
most constant  motion  upon  one  another  and  the  walls  of  the  abdomen. 

Fluid. — The  fluid  secreted  from  the  free  surface  of  the  serous  mem- 
hmnes  is,  in  health,  rarely  more  than  sufficient  to  ensure  the  mainte- 
nance of  their  moisture.  The  opposed  surfaces  of  each  serous  sac  are  at 
every  i)oiut  in  contact  with  each  other.  After  death,  a  hir^er  quantity  of 
fluid  is  usually  found  in  each  serous  sac;  but  this,  if  not  the  product  of 
manifest  disease,  is  probably  such  as  has  transuded  after  death,  or  in 
the  last  hours  of  life.  An  excess  of  such  fluid  in  any  serous  sac  consti- 
tutes dropsy  of  the  sac. 
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The  fluid  naturally  secreted  by  tho  serous  mernbranee  appears  to  be 
identical,  in  general  and  chemieal  characters,  with  very  dilute  lu\mj 
sanguinis.     It  is  of  a  pale  yellow  or  straw-color,  slightly  viscid,  alkaline, 
and  on  account  of  the  presence  of  albumen,  coagulable  by  beat.     This 
similarity  of  the  eerous  fluid  to  the  liquid  piirt  of  blood,  and  to  the  fluid 
with  which  most  animal  tissues  are  moiatened,  renders  it  prolukble  thiil 
it  is,  in  great  meaiJiire,  separated  by  simple   transudation,  through  the 
walls  of  the  blood-vessels.     The  probability  is  inereased  by  the  fact  that, 
in  jaundice,  the  flui(i  in  the  serous  sacs  is,  equally  with  the  serum  of  the 
blood,  colored  with  the  bile.     But  there  is  reuson  for  supposing  that  the 
fluid  of  the  cerebral  ventricles  and  of  the  arachnoid  sac  are  exceptiom  to 
this  rule;  for  they  diflfer  from  the  fluids  of  the  other  serous  sacs  not  only 
in  being  pellucid,  colorless,  and  of  much  less  specific  gravity,  but  in  that 
they  seldom  receive  the  tinge  of  bile  when  present  in  the  blootl,  and  are 
not  colored  by  madder,  or  other  similar  substances  introduced  abundantly 
into  the  blood. 

It  is  also  probable  that  the  forination  of  synovial  fluid  m  a  proces  of 
more  genuine  and  elaborate  secretion,  by  means  of  the  epithelial  cells  oa 
the  surface  of  the  membrane,  and  especially  of  those  M'hich  are  accumu- 
lated  on  the  edge  and  procesBes  of  the  synovial  fringes;  for,  in  it«  pecu* 
liar  density,  viscidity,  and  abundance  of  albumen,  synovia  differs  alike 
from  the  Bcnim  of  blood  and  from  the  fluid  of  any  of  the  serous  cavities, 

(2.)  Mucous  Membranes. — The  mucous  njcmbrtine^  line  all  those 
pavagefl  by  which  internal  jmrts  comnmnicate  with  the  exterior,  and 
by  which  either  matters  are  eliminated  from  the  body  or  foreign  sub- 
stances taken  into  it.  They  are  soft  and  velvety,  and  extremely  tmch- 
lar.  The  external  surfaces  of  mucous  membranes  are  attached  to  rariouB 
other  tissues;  in  the  tongue,  for  example,  to  muscle;  on  cartilaginous 
parts,  to  perichondrium;  in  the  cells  of  the  ethmoid  boue,  in  the 
frontal  and  sphenoidal  sinuses,  as  well  i^b  in  the  tympanum,  to  perioi^ 
teum;  in  the  intestinal  canal,  it  is  connected  with  a  firm  submucoua 
membrane,  which  on  its  exterior  gives  attachment  to  the  flbres  of  tbe 
muscular  coat.  The  mucous  membranes  line  certain  principid  tracta^ 
Oasiro'pulmonart/  and  Gmtifo-urinartf;  the  former  being  subdivided  inta 
the  DigeMim  and  Respiratory  tracts* 

1.  The  Digestive  tract  commences  in  the  cavity  of  the  mouth,  from 
which  prolongations  pass  into  the  ducts  of  the  salivary  glands.  From 
the  mouth  it  passes  through  the  fauces,  pharynx,  and  wsophagua,  to  tbe 
stomach,  and  is  thence  continued  along  the  whole  tract  of  the  iateatioal 
canal  to  the  temiination  of  the  rectum,  being  in  its  course  arranged  in 
the  various  folds  and  depressions  already  described,  and  prolonged  into 
the  ducts  of  the  intestinal  glands,  the  pancreas  and  liver,  and  into  the 
gall-bladder. 
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I    r\  tract  inclocles  the  roiicoiis  membrane  lining  the 

.    iml  the  viirious  sinuses  eommiinicating  with  it,  the 

ihI  8iiu,  the  oonjunctiva  of  the  eye  and  eyelids,  and  the 

li  passes  along  the  Eustachian  tubes  and  lines  the  tym- 

iiuer  fiurfiMie  of  the  membrana  tynipani.     Crossing  the 

iiniug  that  part  of  it  which  is  above  the  soft  palate,  the 

'  !iMd8  into  the  glottis,  whence  it  is  continued,  through 

lachea,  to  the  bronchi  and  tlieir  divisions,   which  it 

I  tlic  branches  of  about  -^^  of  an  inch  (}  mm.)  in  diameter, 

bnuB  with  it  is  a  layer  of  delicate  epithelial  membrane  which 

Uie  jmlmouary  cells, 
p&ciiitO'Urinary  tract,  which  lines  the  whole  of  the  urinary  pas- 
their  external  orifice  to  the  termination  of  the  tubuli  uriniieri 
l^pyg,  extendi  also  into  the  organs  of  generation  in  both  sexes, 
be  ducts  of  the  glands  connect-ed  with  them:  and  in  the  female 
&ntinuou8  with  the  seroos  membrane  of  the  abdomen  at  the 
^  the  Fallopian  tubes. 

Hr^. — These  mucous  tniets,  and  different  portions  of  each  of 
Dnt  certain  etructiiral  peculiarities,  adapted  to  the  functions 
part  has  to  discbarge;  yet  in  some  essential  characters  the 
bembrane  is  the  same,  from  whatever  part  it  is  obtained.  In 
rincipal  and  krgcr  parts  of  the  several  tracts,  it  presents,  aa 
rked,  an  external  layer  of  epithelium,  situated  upon  a  basement 
jne^  and  beneath  thiSj  a  stratum  of  vascular  tissue  of  variable 
l^itss,  containing  lymphatic  vessels  and  nerves.  The  vascular 
1,  together  with  the  basement  membrane  and  epithelium,  indiffer- 
is  elevated  into  minute  papilht  and  villi,  or  depressed  into 
Ions  in  the  form  of  glands.  But  in  the  prolongations  of  the 
where  they  pass  into  gland-ducts,  these  constituents  are  reduced 
[the  finest  branches  of  the  ducts  to  the  epithelium,  the  primary  orbase- 
r lit- membrane,  and  the  capillary  blood-vessels  spread  over  the  outer 
rface  of  the  latter  in  a  single  layer. 

The  primary  or  basement  membrane  is  a  thin  transparent  layer,  sim- 

e.  homogeneous,  or  composed  of  endothelial   cells.     In  the  minuter 

Jviaions  of  the  mucous  membranes,  and  in  the  ducts  of  glands,  it  is  the 

fer  continuous  and  correspondent  with  this  basement- membrane  that 

18  the  proper  walls  of  the  tubes.     The  cells  also,  which,  lining  the 

^er  and  coarser  mucous  membranes,  constitute  their  epitbelinm,  are 

itinuous  with  rtiul  often  similar  to  those  which,  lining  the  gland-ducts, 

called  ffland-rrJh.     No  certain  distinction  can  be  drawn  between  the 

[>ithelinm -cells  of  mncous  membranes  and  gland-cells. 

Mnrou.^  Flmd:  Mtfcus. — ^Froni  all  mucous  membranes  there  is  secreted 
ther  from  tlie  surface  or  from  certain  special  glands,  or  from  both,  a 
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more  or  less  yiscid,  grayish,  or  semi-transparent  fluid,  of  alkaline  reac- 
tion and  high  specific  gravity,  named  mucus.  It  mixes  imperfectij 
with  water,  but,  rapidly  absorbing  liquid,  it  swells  considerably  when 
water  is  added.  Under  the  microscope  it  is  found  to  contain  epithelinm 
and  leucocytes.  It  is  found  to  be  made  up,  chemically,  of  mucin, 
which  forms  its  chief  bulk,  of  a  little  albumen,  of  salts  chiefly  chlorides 
and  phosphates,  and  water  with  traces  of  fats  and  extractives. 

Secreting  Glands. 

The  secreting  glands  present,  amid  manifold  diversities  of  form  and 
composition,  a  general  plan  of  structure;  all  contain,  and  appear  con- 
structed with  particular  regard  to  the  arrangement  of  the  cells,  which,  as 
already  expressed,  both  line  their  tubes  or  cavities  as  an  epithelium,  and 
elaborate,  as  secreting  cells,  the  substances  to  be  discharged  from  them. 

Types  ofSecretiny  Glands, — Secreting  glands  may  be  classified  accord- 
ing to  certain  types,  which  are  the  following : — 1.  The  simple  tubular 
gland  (a,  fig.  327),  examples  of  which  are  furnished  by  the  follicles  of 
Lieberkuhn,  and  the  tubular  glands  of  the  stomach.  They  are  simple 
tubular  depressions  of  the  mucous  membrane,  the  wall  of  which  is  formed 
of  primary  membrane  and  is  lined  with  secreting  cells  arranged  as  an 
epithelium.  To  the  same  class  may  be  referred  the  elongated  and  tor- 
tuous sudoriferous  gUmds, 

2.  The  coynpound  tubular  glands  (d,  fig.  327)  form  another  division. 
These  consist  of  main  gland-tubes,  which  divide  and  subdivide.  Each 
gland  may  be  made  up  of  the  subdivisions  of  one  or  more  main  tubes. 
The  ultimate  subdivisions  of  the  tubes  are  generally  highly  convoluted. 
They  are  formed  of  a  basement-membrane,  lined  by  epithelium  of 
various  forms.  The  larger  tubes  may  have  an  outside  coating  of  fibrous, 
areolar,  or  muscular  tissue.  The  kidneii^  testes^  salivary  glands^  pan- 
cre^ts^  Bru7iner's  glands^  with  the  lachrymal  and  mammary  glands^  and 
some  mucous  glands  are  examples  of  this  type  but  present  more  or  less 
marked  variations  among  themselves. 

3.  The  aggregate  or  racemose  glands,  in  which  a  number  of  vesicles  or 
acini  are  arranged  in  groups  or  globules  (c,  fig.  327).  The  meibomian 
follicles  are  examples  of  this  kind  of  gland.  There  seem  to  be  glands  of 
mixed  character,  combining  some  of  the  characters  of  the  tubular  with 
others  of  the  racemose  type;  these  are  called  tubulo-racemose  or  iuhuh- 
acinous  glands.  These  glands  differ  from  each  other  only  in  secondary 
points  of  structure :  such  as,  chiefly,  the  arrangement  of  their  excretory 
ducts,  the  grouping  of  the  a<:ini  and  lobules,  their  connection  by  areolar 
tissue,  and  supply  of  blood-vessels.  The  acini  commonly  appear  to  be 
formed  by  a  kind  of  fusion  of  the  walls  of  several  vesicles,  which  thus 
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Ane  to  form  one  carity  lined  or  filled  with  lecreting  eelli  which  «hK> 
3y  reoeeaes  from  the  nudn  cayitT.  The  smaUeft  hnm^dim  iA  iim 
l-docts  sometimes  open  into  the  centres  of  these  esrities;  mmm- 
I  the  acini  aie  dnst^^  round  the  extrraiities,  or  by  the  ttdes  of 
loots:  bat,  whateTer  seoondair  arrsngement  there  mar  be«  aU  hav^f 
iame  essential  character  of  ronnded  groapsof  Tfsidea  oufitaiiAJiif 
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all  truly  secreting  structures.  They  agree  in  presentiiig  a  large  extent 
of  secreting  surface  within  a  comparatively  small  space;  in  the  circam. 
stance  that  while  one  end  of  the  gland-duct  opens  on  a  free  surface^  the 
opposite  end  is  always  closed,  having  no  direct  communication  with 
blood-vessels,  or  any  other  canal;  and  in  a  uniform  arrangement  of 
capillary  blood-vessels,  ramifying  and  forming  a  network  around  the 
walls  and  in  the  interstices  of  the  ducts  and  acini. 

Process  of  Secretion, — In  secretion  two  distinct  processes  are  concerned, 
which  may  be  spoken  of  as  Physical  and  Chemical. 

Physical  Processes. — These,  viz.,  {a)  filtration,  {b)  dialysis,  hare 
already  been  discussed. 

Chemical  Processes. — The  chemical  processes  constitute  the  process  ot 
■secretion^  properly  so  called,  as  distinguished  from  mere  transudation 
«poken  of  above.  In  the  chemical  process  of  secretion  various  materials 
which  do  not  exist  as  such  in  the  blood  are  manufactured  by  the  agency 
of  the  gland-cells  from  the  blood,  or  to  speak  more  accurately,  from  the 
plasma  which  exudes  from  the  blood  vessels  into  the  interstices  of  the 
gland-textures. 

The  best  evidence  in  favor  of  this  view  is :  1st.  That  cells  and  nuclei 
are  constituents  of  all  glands,  however  diverse  their  outer  forms  and  other 
characters,  and  that  they  are  in  all  glands  placed  on  the  surface  or  in 
the  cavity  whence  the  secretion  is  poured.  2d.  That  certain  materiak 
of  secretions  are  visible  with  the  microscope  in  the  gland  cells  before 
they  are  discharged.  Thus,  granules  probably  representing  the  fer- 
ments of  the  pancreas  may  be  discerned  in  the  cells  of  that  gland; 
spermatozoids  in  the  cells  of  the  tubules  of  the  testicles;  granules  of 
uric  acid  in  those  of  the  kidneys  (of  fish);  fatty  particles,  like  those  of 
milk,  in  the  cells  of  the  mammary  gland. 

Secreting  cells,  like  the  cells  of  other  organs,  appear  to  develop,  grow, 
and  attahi  their  individual  perfection  by  appropriating  nutriment  from 
the  fluid  exuded  by  adjacent  blood-vessels  and  building  it  up,  so  that 
it  shall  form  part  of  their  own  substance.  In  this  perfected  state  the 
<?ells  subsist  for  some  brief  time,  and  when  that  period  is  over  they 
appear  to  dissolve,  wholly  or  in  part,  and  yield  their  contents  to  the 
peculiar  material  of  the  secretion.  And  this  appears  to  be  the  case  in 
every  part  of  the  gland  that  contains  the  appropriate  gland-cells;  there- 
fore not  in  the  extremities  of  the  ducts  or  in  the  acini  alone,  but  in  great 
part  of  their  length. 

We  have  described  elsewhere  the  changes  which  have  been  noticed  from 
actual  experiment  in  the  cells  of  the  salivary  glands,  pancreas,  and  peptic 
glands. 

Discharge  of  secretions  from  glands  may  either  take  place  aa  soon  as 
they  are  formed;   or  the  secretion  may  be  long  retained  within  the 
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gland  or  its  ducts*  The  former  is  the  case  with  the  swe^it  j^lands.  But 
the  aecretions  of  those  gknds  whose  jictivity  of  function  is  only  occa- 
Bional  are  usatJly  retained  in  the  cells  in  an  undeveloped  form  during 
the  periods  of  the  gland's  inaction.  And  there  are  glands  which  are 
like  both  theae  classes,  such  us  the  lachrymal,  which  constantly  secrete 
small  portions  of  fluid,  and  on  occasions  of  greater  excitement  discharge 
it  more  abundantly. 

When  discharged  into  the  dncts,  the  further  course  of  secretions  is 
affected  (1)  partly  by  the  pressure  from  behind;  the  fresh  quantities  of 
secretion  propelling  those  that  were  formed  before.  In  the  hirger  ducts, 
its  propulsion  is  (2)  assisted  by  the  contraction  of  their  walls.  All  tho 
larger  duct«,  such  as  the  ureter  and  common  bile-duct,  possess  in  their 
oo^ta  plain  muscular  fibres;  they  contract  when  irritated,  and  sometimes 
manifest  peristaltic  movements.  Rhythmic  contractions  in  the  pancreatic 
and  bile^ducts  have  been  observed,  and  ako  in  the  ureters  and  vasa 
deferentia.  It  is  probable  that  the  contractile  power  extends  along  the 
ducts  to  a  considerable  distance  within  the  substance  of  the  glands  whose 
secretions  can  be  rapiiUy  expelled.  Saliva  and  milk»  for  instance,  are 
sometimes  ejected  with  much  force. 

Circnmstance^  Inflnenring  Secret  ion, — The  principal  conditions  which 
inflQenc^  secretion  are  (1)  variations  in  the  fjuantity  of  blood,  i^l)  varia- 
tions in  the  quantity  of  the  peculiar  materials  for  any  secretion  that  the 
blood  may  contain,  and  (3)  variations  in  the  condition  of  the  nerves  of 
the  glands* 

(1.)  An  (ncrms€  in  theqnantitij  of  Mood  traversing  a  (jhmU  as  iti 
nearly  all  the  instances  before  cjuoted,  coincides  generally  with  an  aug- 
mentation of  its  secretion*  Thus  the  mucous  niem!>rane  of  the  stomach 
becomes  florid  when,  on  the  intrcKluction  of  food,  its  glands  begin  to 
secrete;  the  mammary  gland  becomes  ranch  more  vascular  during  lacta* 
tion;  and  all  circumstiinces  which  give  rise  to  an  increase  in  the  quan- 
tity  of  material  secreted  by  an  organ  produce,  coincidently,  an  increased 
supply  of  blood;  but  we  have  seen  that  a  discharge  of  saliva  may  occur 
under  extraordinary  circumstances,  without  increase  of  blood-gupph% 
and  so  it  may  be  inferred  that  this  condition  of  increased  blood -supply 
is  not  absolutely  essential. 

(2,)  An  increase  in  the  amount  of  the  materiah  which  the  ffhmU  are 
imffned  to  Beparate  or  elaborate^  contained  in  the  blood  supplied  to  thein^ 
incTOaocfl  the  amount  of  any  secretion.  Thus,  when  an  excess  of  nitro- 
genous waste  is  in  the  blood,  whether  from  excessive  exercise  or  from 
destnictioB  of  one  kidney,  a  healthy  kidney  will  excrete  more  urea  than 
it  did  before* 

(3.)  htflnence  of  the  Nervmts  Sffstem  on  Secretion, — The  prooesi  of 
secretion  is  largely  influenoed  by  the  condition  of  the  nenroiis  syatenk 
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The  exact  mode  in  which  the  influence  is  exhibited  mnst  stiU  be  re- 
garded as  somewhat  obscure.  In  part,  it  exerts  its  influence  by  increaaiiig 
or  diminishing  the  quantity  of  blood  supplied  to  the  secreting  gl&nd, 
in  virtue  of  the  power  which  it  exercises  over  the  contractility  of  the 
smaller  blood-vessels;  while  it  also  baa  a  more  direct  influence,  asva^ 
described  at  length  in  the  case  of  the  submaxillary  gland,  upon  the 
secreting  cells  themselves;  this  nmy  be  called  trophic  inflnence,  Iti 
iufliieuce  over  secretion,  as  well  as  over  other  functions  of  the  body^ 
may  be  excited  by  wiuses  acting  directly  upon  the  nervous  centres,  upon 
the  nerves  going  to  the  secreting  organ,  or  upon  the  nerves  of  other 
parts,  lu  the  latter  case,  a  reflex  action  is  produced:  thus  the  imprw-  I 
sion  produced  upon  the  nervous  centres  by  the  contact  of  food  in  tie  j 
mouth  is  reflected  upon  the  nerves  supplying  the  salivary  glands,  and  I 
produces,  through  these,  a  more  abundant  secretion  of  the  saliva, 

Through  the  nerves,  various  conditions  of  the  brain  also  influence  the 
secretions.  Thus,  the  tliougbt  of  food  may  be  sufficient  to  excite  *m 
abundant  flow  of  saliva.  And,  probably,  it  is  the  mental  state  which 
excites  the  abundant  secretion  of  urine  in  hysterical  paroxysms,  as  well 
as  the  perspirations,  and  occasionally  diarrbtea,  which  ensue  under  tht 
influence  of  terror,  and  the  tears  excited  by  sorrow  or  excess  of  joy. 
The  quality  of  a  secretion  may  also  be  affected  by  mental  conditions,  u 
in  the  cases  in  which,  through  grief  or  piission,  the  secretion  of  milk  U 
altered,  and  is  sometimes  so  changed  as  to  produce  irritation  in  the 
alimentary  cana!  of  the  child,  or  even  death. 

Relations  beiwcen  the  iSefretiorts.—^VhQ  secretions  of  some  of  the  glamk 
seem  to  bear  a  certain  relation  or  antagonism  to  each  other,  by  which 
an  increased  activity  of  one  is  nsually  followed  by  diminished  activity  of 
one  or  more  of  the  others;  and  a  deranged  condition  of  one  is  apt  to 
entail  a  disordered  state  in  the  others.  Such  relations  appear  to  exist 
among  the  various  mucous  membranes;  and  the  close  relation  betweeu 
the  secretion  of  the  kidney  and  that  of  the  skin  is  a  subject  of  constant 
observation. 

The  Mammary  Glands.  | 

Structure. — The  mammary  glands  are  composed  of  large  divisioMor 
lobes,  and  these  are  again  divisible  into  lobules — ^the  lobules  being  com- 
posed of  the  convoluted  and  dilated  subdivisions  of  the  main  ducts 
(alveoli)  held  together  by  connective  tissue.  The  lobes  and  lobules  too 
are  bound  together  by  areolar  tissue;  penetrating  between  the  lobes  and 
covering  the  general  surface  of  the  gland,  with  the  exception  of  the  ^ 
nipple^  is  a  considerable  quantity  of  yellow  fat,  itself  lobulated  hjH 
sheaths  and  processes  of  tough  areolar  tissue  (fig.  328)  connected  both 
with  the  skin  in  front  and  the  gland  behind;  the  same  bond  of  connec- 
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l%ion  extending  also  from  the  under  surface  of  the  gland  to  the  sheathing 

Vconnective  tissue  of  the  great  pectoral   muscle  on  whicli  it  lies*     The 

Isnain  ducts  of  the  gland,  fifteen  to  twenty  in  number,  called  the  iaefif- 

eraujt  or  galactophorous  dacts,  are  formed   by  the  union  of  the  smaller 

(lobular)  ducts,  and  open  by  small  separate  orifices  through  the  nipple* 

[At  the  points  of  junction  of  lobular  ducts  to  form  lactiferous  ducts,  and 

just  before  these  enter  the  base  of  the  nipple,  the  ducts  are  dilated  (fig» 


Tig.  9iS.— Biflflectloti  of  the  lower  tialf  of  the  female  mAmma.  durlnj;  the  period  of  loctatloD, 
%, — In  the  lefUhAod  Bide  of  the  dissectarl  part  the  glandular  lobeK  an^  exponed  and  partially  un- 
raTelled;  and  on  the  rija^ht-haDd  side,  the  t^landuLar  sub»taace  haH  IjeeD  removed  to  tdiow  the 
reticular  loculi  of  the  ocmnectlve  titwue  In  which  the  ^lii^Eidiilar  lobules  arp  plaoixl:  1,  Upper  part 
of  the  mamiUa  or  Dlpple^;  if,  areola;  S,  aubcutaneoiis  masses  of  fat:  4.  reticular  loeull  of  the 
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connectlTe  tiaaue  which  »upf>ort  the  leflandiilar  mihfltant^  and  contain  the  fatty  maaaes;  5,  otie  of 
three  loctifesrouB  dact«  shown  paiwfni?  towanl  the  niamiUn  where  they  ofweti  f  ffl,  one  ot  the  Biaua 
lact4?i  or  reservolni;  7,  some  of  the  glandular  lobules  which  have  iMxn  uorarellod;  7',  others 
initiHfinrt  together  (Luschka). 

828) ;  and,  during  lactation,  the  period  of  active  secretion  by  the  gland, 
the  dilatations  form  reservoirs  for  the  milk,  which  collecta  in  and  dis- 
tends  them.  The  walls  of  the  gland -ducts  are  formed  of  areolar  with  some 
unstriped  muscular  tissue,  and  are  lined  internally  by  short  columnar 
and  near  the  nipple  by  squamous  epithelium.  The  alveoli  consist  of  a 
membrana  propria  of  flattened  endothelial  cells  lined  by  low  columnar 
epithelium,  and  are  filled  with  fat  globules. 

The  nipple,  which  contains  the  terminations  of  the  lactiferous  ducts, 
is  composed  also  of  areolar  tissue,  and  contains  unstriped  muscular  fibres. 
Blood-vessels  are  also  freely  supplied  to  it,  so  as  to  give  it  a  species  of 
erectile  structure.     On  its  surface  are  very  sensitive  papillae;  and  around 
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it  18  a  small  area  or  areola  of  pink  or  dark-tinted  skin,  on  which  aitWl 
be  seen  small  projections  formed  by  minute  secreting  glands. 

Blood-vessels,  nerves,  and  lymphatif^s  are  plentifully  supplied  t^  the 
mammary  glanda;  the  calibre  of  the  blood-vessels,  as  weU  aa  the  iizeol 
the  glandB,  varying  very  greatly  under  c^^rtaiu  conditions,  especiaJlj 
those  of  pregnancy  and  lactation. 

The  alveoli  of  the  glands  during  the  secreting  periods  are  found  to  be 
lined  with  very  short  columnar  cells,  with  nuclei  situated  toward  the 


Fig.  380.— Section  of  mamnmry  irlimd  of  bitch,  showing  lurini,  llii«d  with  epltbeliaJ  o^lJiofa 
polyh4?drai  or  abort  columnar  form,    x  aw.    CV,  D.HftiTi».> 

centre.  The  edges  of  the  cells  toward  the  lomen  may  be  irregular  ami 
jagged,  aud  the  reTiiainder  of  the  alveolus  is  filled  up  with  the  materials 
of  the  milk*  Buring  the  intervals  between  the  acts  of  discharge,  the 
cells  of  the  alveoli  elongate  toward  the  lumen,  their  nuclei  divide,  and 
in  the  part  of  the  cells  toward  the  hinieu  a  collection  of  oil  globules  takes 
place  and  probably  of  other  materials. 

The  next  stage  ia  that  the  cells  divide  aud  the  part  of  each  toward  the 
lumeu  containing  a  nucleus  and  the  materials  of  the  secretion  is,  ae  it 
were,  broken  off  from  the  outer  part  and  goes  to  form  the  solid  part  of 
the  milk.  The  cells  also  secrete,  fi'om  the  blood  supplied  to  them,  the 
water,  salts,  and  probably  sugar.  In  addition  to  the  actual  casting  off 
parts  of  the  cells  containing  fat  and  the  other  materials,  oil  globules 
appear  to  pass  out  from  the  cells  with  the  other  materials  into  the  lumen 
of  the  alveoli.  The  ciiyt-off  parts  of  the  cells  disintegrate  or  break  down, 
undergoing  a  kind  of  solution  in  the  more  fluid  part  of  the  secretion. 

In  the  earlier  days  of  lactation,  epithehal  cells  partially  tranaformed 
are  discharged  in  the  secretion:  these  are  termed  cdmtrmn  rorpusdeif 
but  later  on  the  cells  are  completely  transformed  into  fat  before  the 
secretion  is  discharged. 

After  the  end  of  lactation,  the  mamma  gradually  returns  to  its  original 
size  {immlution).  The  acini,  in  the  early  stages  of  involution,  are  lined 
with  cells  in  all  degrees  of  vacuolation.  As  inyolntion  proceeds  the 
acini  diminish  con&iderably  in  size,  and  at  length,  instead  of  a 
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liDtDg  epithelial  cells  (twenty  to  thirty  in  each  acinus),  we  have  five 
or  six  nuclei  {some  with  no  surrounding  protoplaam)  lying  in  an  irregu- 
heap  within  the  aciiius.  During  the  later  stages  of  involution,  large 
fellow  granular  cells  are  to  be  seen.  As  the  acini  diminish  in  size,  the 
Dnnective  tissue  and  fatty  matter  between  them  increase,  and  in  some 
ininials,  when  tlie  gland  is  completely  inactive,  it  is  found  k)  consist  of 
thin  film  of  glandular  ti&suo  overlying  a  thick  cushion  of  fat.  Many 
t>f  the  products  of  waste  are  earried  off  by  the  lymphatics. 

During  pregnancy  the  mammary  gliiuds  undergo  cliaoges  {evolution) 
Nrhich  are  readily  observable.  They  enhirge,  become  harder  and  more 
listinctly  lobulated:  the  veins  on  the  surface  become  more  prominent. 
'The  areola  becomes  enlarged  and  dusky,  with  projecting  pap iU a?-,  tlie 
nip))le  too  becomes  more  prominent,  and  milk  can  be  sqiieezed  from  the 
orifices  of  the  ducts.  This  is  a  very  gradual  process,  which  commences 
about  the  time  of  conception,  and  progresses  steatlily  during  the  whole 
period  of  gestation.  In  the  gland  itself  solid  columns  of  cells  hud  off 
from  the  old  alveoli  to  form  new  alveoli.  But  these  solid  columns  after 
A  while  are  converted  into  tubes  by  the  central  cells  becoming  fatty  and 
being  discharged  as  the  colostrum  corpuscles  above  mentioned. 

Milk. 

The  mammary  secretion,  or  milk,  is  a  bhiish-white,  opaque  fiuid  with 
a  pleasant,  sw^eet  taste,  of  specific  gravity  of  1028-1034.     It  is  a  true 


f       4> 


f.°%, 


Tig,  S90.— Olobylea  and  molecules  of  cow*fl  ml  He.     x  400. 

emulsion.  Under  the  microscope,  it  is  found  to  contain  a  number  of 
globules  of  various  sizes  (fig.  330),  the  majority  about  ^j ^^  of  an  inch 
(.25,*^  )  in  diameter.  They  are  composed  of  oily  matter,  probably  coated 
by  a  fine  layer  of  albuminous  material,  and  arc  called  nulk-fflobuks; 
while,  accompanying  these,  are  numerous  minute  particles,  both  oily 
and  alburaiuous,  which  exhibit  ordinary  molecular  movements.  Tlie 
milk  which  is  secreted  in  the  first  few  days  after  parturition,  called  the 
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colostrum^  differs  from  ordinary  milk  in  containing  a  larger  quantity  of 
solid  matter;  and  under  the  microscope  are  to  be  seen  certain  grumlar 
masses  called  colostrum-corpuscles,  already  mentioned. 

Chemical  Composition, — In  addition  to  the  oil  existing  in  nnmberles 
little  globules,  coated  with  a  thin  layer  of  albuminous  matter,  floating 
in  a  large  quantity  of  water,  milk  contains  certain  proteids,  milk^iugar 
(lactose),  and  several  varieties  of  salts.  Its  percentage  composition  hae 
been  already  mentioned,  but  may  be  here  repeated.  Its  reaction  is 
alkaline. 


Chemical  CoMPOsmoN 

OF  Mn^. 

(After  FoBtw.) 

Water 

Solids         .... 

Human. 
90 
10 

Cow.       3tore. 
87            90 
18            10 

Bitch. 
76 
24 

Fats          .... 
Proteids 

SaS^    .... 

2.75 
2. 
5 
.25 

1           "2. 
4              2.5 
4.4           5 
.6             .5 

10 
10 
8.5 
.5 

Constituents  of  Milk« 

(1.)  Water. — The  amount  of  water  varies  in  different  animals,  and  in 
the  same  animal  from  time  to  time.  This  is  seen  from  the  varpng  spe- 
cific gravity;  that  of  cow's  milk,  on  the  average,  varies  from  1028  to 
1034  in  unskimmed  milk,  and  from  1033  to  1037  in  skimmed  milk. 
The  amount  secreted  by  a  woman  is  about  700  to  800  cc. ,  or  rather  more 
than  a  pint,  and  by  a  cow  under  favorable  circumstances  about  6  litres 
a  day,  or  about  10  pints. 

(2.)  Proteids, — These  are  of  two  kinds  at  least,  viz.,  caseinogen  and 
lact-albiimin.  Caseinogen  may  be  obtained  from  milk  either  by  the 
addition  of  an  acid,  e,g,^  acetic,  or  by  saturation  with  crystallized  mag- 
nesium sulphate  or  sodium  chloride  in  tha  way  already  indicated  (p. 
107).  The  nature  of  caseinogen  is  somewhat  uncertain;  it  in  some  re- 
spects resembles  an  alkali  albumen,  and  in  other  respects,  particularly 
in  its  undergoing  clotting  on  the  addition  of  a  ferment,  it  is  like  a  glob- 
ulin. The  clotting  of  caseinogen  is  seen  when  the  gastric  ferment  ren- 
nin,  or  when  similar  ferments  from  the  pancreas  or  intestinal  juice  are 
added  to  milk;  it  will  take  place  when  the  milk  is  neutral  or  alkaline. 
By  the  clotting,  caseinogen  is  converted  into  a  coagulated  proteid,  casein^ 
and  a  proteid  residue  of  the  nature  of  a  proteose.  Casein  carries  down 
with  it  the  fat  and  the  two  materials  form  cheese. 

Lact-albumin  does  not  differ  in  its  reactions  from  serum-albumin 
(p.  106) ;  it  coagulates  when  milk  is  boiled,  but  this  scum  is  also  partly 
due  to  the  drying  up  of  the  caseinogen  on  the  surface  of  the  milk. 

Nueleiriy  not  exactly  a  proteid,  but  allied  to  it,  is  also  present  in  small 
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'amoiiiit  derived  from  the  nuclei  of  the  parts  of  the  celk  cast  off  in  the 
Secretions.     Its  properties  liave  Ijcen  alrefuly  mentioned  (p,  IIL) 

(3.)  FaU. — The  fata  of  milk  are  those  usually  foand  in  animal  tissues, 
▼ia,,  olein,  stearin,  and  palmiitin  (p.  111),  There  are  also  others^  es- 
pecially that  of  butyric  acid  in  combination  with  glycerine.  Lecithin 
and  cholesterin  and  a  lipochrome  may  ulso  be  present.  The  fat  split  up 
into  minute  particles,  which  are  believed  to  be  encased  with  proteid, 
being  lighter  than  tlie  remainder  of  tlie  constituents,  rises  to  the  surface 
when  the  milk  stands,  forming  cream;  and  cream,  when  its  fatty  mole- 
cules are  divested  of  their  casing  and  run  together,  forms  butter. 

(4.)  Laelosc, — This  sugar,  the  reactions  of  which  are  mentioned  p. 
112,  18  apt  to  undergo  lactic  acid  fermentation  if  the  milk  be  exposed 
to  the  air,  from  the  action  of  the  organized  ferment,  the  bacterium 
lactis.  When  tliis  occurs  milk  becomes  sour  and  the  caseinogen  is 
thrown  down, 

(5.)  Saltii, — The  chief  salt  of  milk  is  calcium  phosphate.  Without 
its  presence  caseinogen  cannot  form  casein.  Chloride  of  sodium  is  also 
present,  and  phosphates  and  chlorides  of  potassium,  and  traces  of  iron,  of 
aulphoejanate  and  of  silica.     The  gases  are  carbon  dioxide  and  nitrogen. 
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Metabolism  in  the  Liver. 

The  changes  which  take  place  in  the  liver  cells  during  life  result  in 
{a)  The  Formation  of  Bile,  the  f]uid  whicli  the  liver  contributes  to  the 
digestive  operations  in  the  small  intestine;  {b)  The  Production  of  Gly- 
cogen ;  and  (c)  The  Formation  of  Urea. 
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(a)    The  Formation  of  Bile, 

The  method  of  the  secretion  of  bile  has  been  discussed  at  some  length 
in  a  preceding  chapter  (p.  349  ef  ^eq.)^  and  it  will  be  only  necessary  here 
to  epitomize  some  of  the  main  observations  upon  the  subject. 

1.  That  bile  is  actually  formed  in  tlie  liver  by  the  activity  of  its  cells, 
since  no  accumulation  of  it  takes  place  in  the  blood  when  the  liver  is 
extirpated,  as  proved  by  experiments  on  frogs  and  birds. 

2.  That  the  coloring  matter  of  bile  is  derived  from  and  is  closely  re- 
lated to  that  of  blood,  since  the  C|uantity  of  the  bile  pigment  secreted  is 
markedly  increased  by  the  injection  of  subst^mces  itito  the  veins  which 
are  capable  of  setting  free  lu^moglobin,  e.g.^  water,  ether,  chloroform*  or 
bile  salts,  or  of  blood  containing  free  coloring  matter-=bile  pigment 
may  under  such  circumstances  appear  in  the  urine.  Certain  drugs  pro- 
duce the  same  effects,  e,g,,  toluylcudiamine.  The  substances  connecting 
the  blood  and  bile  pigments  are  the  following: 

H^matoporphyrin  (p.  14D)  or  iron-free  hi^matin — differs  only  slightly 


408  HANDBOOK   OF   PHYSIOLOGY. 

from  bilirubin — and  haematoidin  (p.  150)  found  in  old  blood  extraTaBa> 
tions,  probably  identical  or  at  any  rate  isomeric  with  bilirubin.  The 
iron  which  is  obtained  from  the  decomposition  of  haemoglobin  is  notably 
retained  in  the  hepatic  cells  probably  combined  with  some  organic  sab- 
stance. 

The  blood-coloring  matter  which  the  liver  cells  convert  into  haemo- 
globin is  most  likely  brought  to  them  in  such  a  form  as  to  be  easily 
decomposed  (p.  352). 

3.  That  the  bile  acids  are  also  found  in  the  liver  cells,  but  that  to 
some  extent  at  any  rate  the  taurin  and  the  glycin  are  brought  to  them 
ready  formed  in  the  blood,  and  that  the  cells  manufacture  the  cholic 
acid. 

4.  That  there  is  no  support  to  the  idea  that  the  bile  is  formed  from 
the  blood  of  the  hepatip  artery,  and  not  from  that  of  the  portal  vein 
(p.  350). 

{b)  The  Formation  of  Glycogen  {Olycogenesis). 

The  important  fact  that  the  liver  normally  forms  sugar,  or  a  substance 
readily  convertible  into  it,  was  discovered  by  Claude  Bernard  in  the  fol- 
lowing way:  he  fed  a  dog  for  seven  days  with  food  containing  a  large 
quantity  of  sugar  and  starch ;  and,  as  might  be  expected,  found  sngar 
in  both  the  portal  and  hepatic  blood.  But  when  this  dog  was  fed  with 
meat  only,  to  his  surprise,  sugar  was  still  found  in  the  blood  of  the 
hepatic  veins.  Repeated  experiments  gave  invariably  the  same  result; 
no  sugar  being  found,  under  a  meat  diet,  in  the  portal  vein,  if  care  were 
taken,  by  applying  a  ligature  on  it  at  the  transverse  fissure,  to  prevent 
reflux  of  blood  from  the  hepatic  venous  system.  Bernard  found  sugar 
also  in  the  substance  of  the  liver.  It  thus  seemed  certain  that  the  liver 
formed  sugar,  even  when,  from  tlie  absence  of  saccharine  and  amyloid 
matters  in  the  food,  none  could  bo  brought  directly  to  it  from  the  stom- 
ach or  intestines. 

Bernard  found,  subsequently  to  the  before-mentioned  experimente, 
that  a  liver,  removed  from  the  body,  and  from  which  all  sugar  had  been 
completely  washed  away  by  injecting  a  stream  of  water  through  its 
blood-vessels,  after  the  lapse  of  a  few  hours  contained  sugar  in  abun- 
dance. This  post-mortem  production  of  sugar  was  a  fact  which  could 
only  be  explained  on  the  supposition  that  the  liver  contained  a  substance 
readily  convertible  into  sugar ;  and  this  theory  was  proved  correct  by  the 
discovery  of  a  substance  in  the  liver  allied  to  starch,  and  now  generally 
termed  glycogen.  We  may  believe  that  glycogen  is  first  formed  and 
stored  in  the  liver  cells,  and  that  the  sugar,  when  present,  is  the  result 
of  its  transformation. 

Source  of  Glycogen, — Although,  as  before  mentioned,  the  greatest 
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ant  of  glycogen  is  produced  by  the  liver  iipou  a  diet  of  starc-li  or 
ir,  n  c?ertiiin  qiiiintity  is  pmdiict'd  upon  a  proteid  diet.     The  glyt'O- 
[gen  when  gtored  in  tlie  liver  cells  may  readily  be  demonstrated  in  sec- 
tions of  livor  containing  it  by  its  reaction  (red  or  port-wine  color)  with 
iodine,  and  moreover,  when  tlic  iiardcncd  sections  are  so  treated  that 
ithe  glycogen  ia  dissolved  ont,  the  protoplasm  of  the  cell  is  so  vacuolated 
as  to  appear  little  more  than  a  framework.     There  is  no  doubt  that  in 
'the  liver  of  a  hibernating  frog  the  amount  of  glycogen  storcil  up  in  the 
outer  parts  of  the  liver  cells  is  very  considerable. 

Average  amount  of  Ghjcmjen  in  the  Liver  of  JJi^ffa  itnthr   Various  Diets 

(Pavy). 
Diet.  Amount  of  Glycogen  tn  Liver. 

Animal  food      ....*..*         7*19  per  cent. 
Animal  food  w4th  sugar  (about  ^  Ik  of  sugar  daily)  14.5         *' 

A'egetable  diet  (potatoes,  with  bread  or  barley  meal)  17/23       ** 

The  dependence  of  the  formation  of  glycogen  on  the  kind  of  food 
taken  is  also  well  shown  by  the  following  results,  obtained  by  the  same 
experimenter: 

^At^erage  qnantittf  of  Uhfroif  en  found  in  the  Liver  of  Rabbits  after  Fast- 
inff,  and  aft  it  a  diet  of  iSiarck  ami  iSut^ar  respect  ire!  i/. 

Average  Amouni  of  (ilycoipen  in  Liver. 

,     Practically  absent. 
.     15.4  per  cent. 
.      16.9 


After  fasting  for  three  days 
**       diet  of  starch  and  grape-sugar 
cane-sugar 


Glycogen  is  also  formed  on  a  gelatin  diet,  but  fats  taken  in  as  food  do 
not  increase  its  amount  in  the  cells.  The  diet  most  favorable  to  the 
production  of  a  large  amount  of  glycogen  is  a  mixed  diet  containing  a 
large  amount  of  carbo-hydrate,  but  with  some  proteid.  Glycerin  iujeeted 
into  the  alimentary  canal  may  also  increase  the  glycogen  of  the  liver. 

DestitiidioH  of  frtt/roqen. — There  are  two  chief  theories  as  to  the  desti- 
nation of  hepatic  glycogen.  (1.)  That  the  glycogen  is  converted  into 
sugar  during  life  by  the  agency  of  a  ferment  [iiver  diasfa.s(^  also  formed 
in  the  liver;  and  that  the  sugar  la  conveyed  away  by  the  blood  of  the 
hepatic  veins,  to  undergo  combustion  in  the  tissues.  (2.)  That  the 
conversion  into  sugar  only  occurs  after  death,  and  that  during  life  no 
sugar  exists  in  liealthy  livers;  glycogen  not  undergoing  this  transforma- 
tion. The  chief  arguments  advanced  in  support  of  this  view  are,  {a} 
that  scarcely  a  trace  of  sugar  is  found  in  blood  drawn  during  life  from 
the  right  ventricle,  or  in  blood  collected  from  the  right  side  of  the  heart 
twmp///rt/f/// after  an  animal  has  been  killed;  whUe  if  the  examination 
be  delayed  for  a  very  short  time  after  death,  sugar  in  abundance  may 
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be  found  in  such  blood;  {b)y  that  the  liver,  like  the  venous  blood  in  the 
heart,  is,  at  the  moment  of  death,  completely  free  from  sugar,  although 
afterward  its  tissue  speedily  becomes  saccharine,  unless  the  formation  of 
sugar  be  prevented  by  boiling,  or  other  means  calculated  to  interfere 
with  the  action  of  a  ferment. 

Instead  of  adopting  the  view  that  normally,  during  life,  glycogen 
acts  as  a  store  of  carbo-hydrate  material  to  be  converted,  little  by  little, 
into  sugar  as  occasion  requires,  and  that  it  passes  as  sugar  into  the  he- 
patic venous  blood,  to  be  conveyed  to  the  tissues  to  be  further  disposed 
of,  Pavy  inclines  to  the  belief  that  it  may  represent  an  intermediate 
stage  in  the  formation  of  fat  from  materials  absorbed  from  the  alimen- 
tary cAnal.  There  is  little  evidence  in  favor  of  this  view,  and  although 
it  is  possible  that  the  liver  cells  may,  in  some  way  or  other  (not  at  pres- 
ent understood),  be  able  to  convert  part  of  its  store  of  glycogen  into  fat, 
the  consensus  of  opinion  inclines  to  the  belief  that  most  of  the  glycogen 
leaves  the  liver  as  sugar. 

Indeed,  wherever  glycogen  is  found,  in  the  muscles,  in  the  placenta, 
or  elsewhere,  it  must  be  looked  upon  as  a  store  of  carbo-hydrate  material 
which  may  be  taken  up  during  the  metabolism  of  the  tissue  and  built  up  in 
its  protoplasm,  to  be  used  up  only  indirectly  when  catabolism  of  the 
protoplasm  takes  place.  Whether  the  glycogen  which  probably  reaches 
the  muscles  as  sugar  is  reconverted  into  glycogen  before  it  is  built  np 
as  it  were  into  the  protoplasmic  molecule  is  not  known. 

The  rehition  ofghicogen  to,  the  cell  tneiaboUsDi, — It  is  not  exactly  known 
whether  the  glycogen  is  formed  simply  by  a  process  of  dehydration  of 
the  sugar  which  reaches  the  cells  in  the  portal  blood,  or  whether 
the  cells  by  tlieir  metabolism  are  usually  in  the  habit  of  form- 
ing glycogen  or  sugar  which,  during  fasting  and  other  similar  conditions, 
is  at  once  discharged  into  the  hepatic  blood  to  be  used  up  by  the  tissues, 
but  which  is  stored  up  in  the  cells  as  glycogen  as  long  as  there  is  suffic- 
ient sugar  in  the  blood  without  it,  or  as  long  as  the  tissues  are  so  quiescent 
as  not  to  require  more  than  a  small  quantity  of  the  total  amount  of 
carbo-hydrate  secreted  by  tlie  hepatic  cells. 

Glycosuria. — Sugar  may  be  present  not  only  in  the  hepatic  veins, 
but  in  the  blood  generally,  and  when  such  is  the  case,  the  sugar  is  ex- 
creted by  the  kidneys,  and  appears  in  variable  quantities  in  the  urine. 
This  condition  is  known  as  glycosuria. 

Influence  of  the  Nervous  System, — Glycosuria  may  be  experimentally 
produced  by  puncture  of  the  medulla  oblongata  in  the  region  of  the 
vaso-motor  centre.  The  better  fed  the  animal  the  larger  is  the  amount 
of  sugar  found  in  the  urine;  in  the  case  of  a  starving  animal  no  sugar 
appears.  It  is,  therefore,  highly  probable  that  the  sugar  comes  from 
the  hepatic  glycogen,  since  in  the  one  case  glycogen  is  in  excess,  and  in 
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the  other  it  is  almost  abseTit.  The  nature  of  the  influence  is  uncertain. 
It  muy  he  exercised  in  dilating  tJie  hepatic  veasela,  or  possibly  may  be 
exerted  on  the  liver  cells  themeelves.  The  whole  course  of  the  nervous 
BtimuluB  cannot  be  traced  to  the  liver,  but,  at  any  rate,  it  is  not  con- 
ducted by  the  vagi  or  by  the  splaiichnics,  but  at  first  it  pjisses  from  the 
lower  part  of  the  floor  of  the  fourth  ventricle  and  medulla  down  the 
spinal  cord  as  far  as — in  rabbits — the  fourth  dorsal  vertebra,  and  hence 
to  the  first  thoracic  ganglion.  The  formation  of  sugar  by  the  liver  is 
also  not  a  vaso-dilator  effect,  since  it  will  occur  when  the  vessels  are 
constricted. 

Many  other  circumstances  will  cause  glycosuria.  It  has  been  observed 
after  the  administration  of  various  drugs — e.^.,  strychnine  (in  frogs), 
phloridzin,  a  glucoside,  and  pbloretin,  a  derivative  of  phloridzin,  not  a 
glucoside,  morphine,  nitrite  of  aniyl,  etc. — after  the  injection  of  urari, 
{K>isoning  with  carbonic  oxide  gas,  the  inhalation  of  ether,  chloroform, 
etc. ^  the  injection  of  oxygenated  blood  into  the  ]>ortal  venous  system. 
It  has  been  observed  in  man  after  injuries  to  the  head,  and  in  the  course 
of  various  diseases. 

In  all  such  cases,  at  any  rate,  the  glycosuria  appears  to  he  due  to  some 
abnormal  activity  of  the  liver  cells  themselves  set  up  by  the  direct  action 
of  the  secretory  nerves  upon  t!iem. 

Tlie  well-known  disease,  dinhetHut  meUifiiHy  in  which  a  large  quantity  of 
sugar  is  persistently  secreted  daily  witli  the  urine,  has,  doubtless,  some 
close  relation  to  the  normal  glycogenic  function  of  the  liver;  but  the 
nature  of  the  relationship  is  at  present  quite  unknown. 


{e)    The  For  mat  ion  of  Urm, 

It  is  not  strictly  correct  to  include  the  formation  of  urea  under  the 
head  of  metabolic  changes  in  the  liver,  since  although  as  we  shall  see 
directly  there  is  a  considerable  amount  of  evidence  that  some  of  the  urea 
is  formed  by  means  of  the  liver,  yet  we  cannot  go  so  far  as  to  assert  that 
all  of  the  urinary  solids  or  even  vX\  of  the  urea  is  produced  by  the  hepatic 
cells.  We  can,  however,  state  with  certainty  that  the  urea  is  not  formed 
to  even  the  very  smallest  extent  by  means  of  the  kidney,  since  it  is  not 
only  found  in  the  blood  going  to  the  kidneys,  but  may  also  accumulate 
to  a  very  harmful  degree  if  the  kidneys  are  extensively  diseased,  and  the 
separation  of  the  urine  by  those  organs  is  interfered  with.  This  is  also 
the  ciiso  if  the  kidneys  be  experimentally  removed  from  an  animal. 
Thus  it  seems  reasonable  to  assume  that  the  function  of  the  kidneys,  as 
far  as  the  more  important  solid,  the  urea,  is  concerned,  is  only  one  of 
separation-  This  has  already  been  discussed  under  the  head  of  the 
method  of  secretion  of  urine.      It  becomes  necessary  to  consider  the 
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question  of  the  eoiirces  of  the  nreu  whieli  i,*^  fonne*!  in  the  Ijody  nud  al*j 
the  way  by  which  it  is  funned, 

(L)  Iti  the  firt^t  place  there  is  evidence  to  connect  the  format  ion  of 
urea  witli  t\vo  of  the  products  of  the  digestion  of  proteid  materials  in 
the  ulinienttiry  canid.  In  treating  of  the  subject  of  pancreatic  digestion 
it  wjis  shown  that  the  ferment  trypsin  appears  to  liave  the  power  of  car- 
rying the  proteid  digestion  a  atep  further  than  the  gastric  ferment  pe|»- 
sin;  and  that  when  the  pancreatic  digestion  is  carried  on  to  its  natural 
term i Tuition  there  appears  in  the  dige^tiou-finid  two  substances,  nitroge- 
nous and  crystallizable,  which  were  a})seiit  from  the  fluid  in  which  pep.^in 
ha8  acted  as  far  as  i  t  can.  Tliosu  substances  are  Uncin  and  ti/rosin.  Tht'jr 
apjiear  in  the  lunjority  of  eases  together,  and  although  they  do  not  li- 
king to  tho  same  series  of  chemical  Bubstances,  yet  they  agree  lU  this 
that  they  are  both  ami  dated  acids,  that  is  to  say,  they  both  contain  ami- 
dogen,  NH„  leucin  being,  as  we  have  seen,  amido-cuproic  acid,  and 
tyrosin,  amido-oxy-plienyl-propionic  acid.  It  must  be  confessed  that  ii 
is  difficult  to  see  how  the  ferment  trypsin  can  of  itself  perform  the  long 
series  of  changes  which  result  in  the  formation  of  these  two  bodies,  Imt 
the  view  is  very  generally  held  that  it  not  only  produces  peptones  frum 
albumins,  but  that  part  of  the  peptones  called  hemipeptone  is  fnrther 
converted  into  the  two  subj^tances  in  question. 

Whether  the  conversion  into  leucin  and  trypsin  is  done  by  the  trypsin 
itself,  or  by  some  other  ferment,  organized  or  unorganized,  it  is  un- 
doubted that  these  substances  appear  iis  a  result  of  pancreatic  digestion. 
It  should  be  recollected,  however,  that  tlie  same  bodies  may  arise  outstiie 
the  body  from  the  splitting  up  of  proteids  by  putrefaction,  i\e,^  hy  the 
action  of  micro-organisms,  and  it  is  possible  that  the  leucin  and  tyrofiin 
of  intestinal  digestion  are  similarly  produced. 

Tho  connection  between  leucin  and  tyrosin  and  nrea  then  is  supposed 
to  be  the  following:  the  leucin  and  tyrosin  formed  in  the  intestinal 
digestion  are  absorbed  l>y  the  blood-vessels  and  are  carried  by  the  portal 
vein  into  the  liver.  By  tho  action  of  the  hepatic  cells  they,  or  at  any 
rate  the  leucin,  is  converted  into  urea,  which  then  is  taken  up  by  the 
hepatic  veins  into  the  ordinary  systematic  circulation,  and  after  a  time 
reaches  the  kidneys  and  is  eliminated  from  the  body. 
'    This  view  is  based  upon  the  following  facts: — 

(1.)  Firstly,  that  if  leucin  be  introduced  into  the  alimentary  canal, 
the  amount  of  urea  in  the  urine  is  coosiderabiy  increased,  but  that  leucin 
itself  does  not  appear;  the  same  phenomena  have  been  noticed  if  glycin 
be  administered  instead  of  leucin. 

(2.)  Secondly,  that  in  a  certain  disease  of  the  liver  in  which  the  liver 
cells  are  rapidly  degenerated  and  lose  their  function,  «.e.,  acnte  yellow 
atrophy,  the  urea  of  the  urine  is  replaced  by  leucin  and  tyrosin. 
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(3,)  And  thirdly,  tbat  the  liver  is  found  to  contain  a  considerable 
amount  of  wrea,  contrasting  very  markedly  with  other  glands  and  with 
the  muscles  of  tlie  body  in  this  respect.  If  blood  be  passed  through  the 
liver  of  a  recently  killed  auimal  the  amount  of  urea  wliich  it  contains  is 
found  to  be  greatly  increased. 

This  evidence  appears  to  show  that  urea  is  produced  by  the  liver  cells 
when  in  normal  condition,  and  also  that  leuciu,  and  possibly,  but  not  so 
certainly,  ty rosin,  is  one  source  from  which  it  is  formed. 

The  exact  way  in  which  the  nrea  is  formed  by  the  liver  cells  is  not 
onderstood,  but  it  has  been  suggested  that  it  is  done  in  at  least  these 
two  stages,  viz.,  the  reduction  of  the  leucin  into  a  condition  of  amoionia 
and  caproic  acid,  and  the  building  up  of  the  urea  from  the  ammonia 
thus  obtained.  There  is  retison  for  thus  conehiding  that  the  liver  is 
able  to  construct  urea  from  ammonia  compounds,  since  the  administra- 
tion of  ammonium  salts,  such  as  the  chloride  or  carbonate,  api>ears  to 
increase  the  amount  of  nrea  in  the  urine  in  a  degree  commensurate  with 
the  amount  of  the  nitrogen  contained  in  the  salt  so  introduced  into  the 
body. 

(2.)  The  second  probable  source  of  the  urea  of  the  nrino  is  crmfin. 
This  substance  is  produced,  as  we  have  before  mentioned,  in  the  ordi- 
nary metabolism  of  muscle;  it  is  always  present  in  muscle,  and  since 
the  chief  purt  of  the  metabolism  of  the  body  takes  place  in  muscle  it 
must  be  exceedingly  probable  that  a  considerable  quantity  of  creatin  is 
formed  in  the  twenty-four  hours.  Creatiji,  however,  does  not  appear 
in  the  urine,  and  although  its  closely  associated  product,  creatin  in,  is  a 
normal  constituent,  yet  the  amount  of  ttiat  bo<iy,  less  than  one  gramme 
in  twenty-four  hours,  is  so  small  as  scarcely  to  rei>resi*nt  tlie  large  amount 
of  creatin  which  must  be  formed  in  the  course  of  a  day,  and  which  has 
been  calcnlak^d  its  upward  of  100  grms,  (as  mustde  contains  /2  to  A 
per  cent  of  the  aubstance)*  It  is  also  remarkable  that  there  is  no  urea, 
or  scarcely  any,  produced  by  muscular  metaliolism,  whereas  urea  is  the 
largest  solid  constituent  of  the  urine.  It  therefore  seems  almost  certain 
that  muscular  creatin  appears  in  the  urine  as  urea.  This  is  made  more 
likely,  since  creatin  may  so  easily  be  converted  into  urea  in  the  labor- 
atory; e,g.^  by  boiling  with  baryta  water,  creatin  is  split  up  into  urea 
and  sarcosin,  thus  CJl^N,0,-f  11,0,  CON^II^-1-C,H,NO,;  again  sarcosin 
is  mothyl-glycin,  and  as  we  have  before  pointed  out,  glycin  is  amido- 
aoetic  acid,  so  that  it  may  be  supposed  that  the  sarcosin  may  also  be 
converted  into  urea  as  well  as  the  creatin  from  which  it  is  obtained. 
Creatin  appears  to  be  a  substance  which  also  arises  in  nervous  tissue 
during  its  metabolism,  so  that  nervous  tissue  may  be  another  source  of 
urea.  There  is  no  positive  evidence  as  to  the  h>cality  in  the  hotly  in 
which  the  creatin  is  formed  into  nrea,  yet  it  is  not  unlikely  that  the 
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changes  producing  this  body  are  carried  out  more  or  less  completely  in 
the  liver. 

It  was  always  thought  that  in  addition  to  the  two  chief  Boorces  of 
urea  above  considered  there  might  be  a  more  direct  change  of  some  of 
the  proteid  food  material,  from  that  which  is  absorbed  into  the  portal 
vein  and  brought  to  the  liver,  the  proteid  being  split  up  there  into  a 
glycogen  moiety  and  an  urea  moiety ;  and  this  may  really  be  the  case. 
There  appears  to  be  undoubted  evidence  that  the  introduction  of  pro- 
teid  into  the  alimentary  canal,  even  in  small  amount,  soon  increasa 
the  amount  of  the  urea,  but  although  the  method  of  formation  of  urea 
from  leucin  is  admitted,  yet  there  is  no  very  confident  belief  among 
physiologists  that  the  series  of  changes  resulting  in  the  formation  of 
urea  from  proteid  through  that  substance  is  a  very  extensive  or  a  very 
general  one.  If  it  occurs  in  the  way  above  suggested,  it  is  only  an  alter- 
native course  toward  excretion,  and  is  only  followed  by  the  proteid  food 
when  taken  into  the  body  in  excess.  Further,  even  when  some  of  the 
peptone  is  further  converted  into  the  two  bodies  above  mentioned,  a 
moiety  of  the  peptone,  called  anti-peptone,  in.  order  to  signify  its  power 
of  resistance  to  such  action,  is  unchanged. 

Another  way  of  accounting  for  the  undoubted  increase  of  urea  which 
occurs  in  the  urine  on  taking  proteid  food  has  been  suggested,  and  that 
is  this,  that  the  presence  of  such  materials  in  the  blood  stimulates  the 
nitrogenous  metabolism  of  the  tissues,  especially  of  the  muscles,  with 
the  production  of  waste  materials  which  may  be  converted  into  urea. 

From  what  we  have  said  it  will  be  seen  that  we  are  unable  to  make 
any  very  definite  statement  as  to  the  methods  in  which  the  urea  is  formed, 
and  although  it  is  probable  that  a  large  amount  of  the  urea  is  formed  in 
the  liver,  yet  there  is  no  reason  to  think  that  the  whole  of  the  urea  is 
there  formed,  and  it  has  been  suggested  that  it  may  be  formed  elsewhere, 
e.fj,^  in  the  spleen,  and  in  lymphatic  and  other  glands. 

Again,  in  mentioning  the  possible  antecedents  of  urea,  it  must  not  be 
forgotten  that  many  other  substances  have  been  suggested  as  interme- 
diate between  proteid  and  urea,  especially  uric  acid.  Uric  acid  may  be 
split  up  into  urea  in  the  laboratory,  and  from  this  it  was  concluded  that 
urea  was  a  further  oxidized  stage  of  uric  acid ;  but  although  this  opinion 
is  still  held  by  some  physicians  it  has  been  almost  entirely  given  up  by 
physiologists.  It  is  now  regarded  as  quite  possible  that  there  are  several 
simpler  bodies  formed  from  the  breaking  up  of  proteids  in  the  body 
which  give  rist^  to  urea;  we  have  already  mentioned  ammonium  carbon- 
ate, and  may  add  cyanic  acid  and  ammonium  carbamate  to  the  list. 

We  are  quite  unable  to  explain  how  much,  if  any,  of  the  urea  repre- 
sents the  breaking  down  of  the  proteid  food  material  supplied  to  the 
tissues,  which  never  is  built  up  into  the  tissues,  and  how  much  to  the 
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actual  breaking  down  of  tlio  protoplasm,  nor  can  we  make  any  tIeSuite 
statement  as  to  the  nature  vt  the  anabolic  process  beyond  this,  that  it 
is  a  process  which  cannot  go  on  without  having  a  proteid  supply,  and  is 
increased  up  to  a  certain  point,  both  in  extent  and  rapidity,  by  an  in- 
crease in  that  supply.  The  intimate  relations  which  exist  between 
seTeral  of  theae  nitrogenous  crystalline  bodies  will  be  seen  by  a  reference 
to  their  formidfe: — 

Hvixjxanthin  or  Camin CsHiNiO. 

Xaiithin         .         .                                                    .         CaH»N«Q,. 
Uric  Acid C.HiNiO*. 

If,  then,  the  Tiew  of  the  chemical  nature  of  proteid,  as  mentioned  in 
Chapter  III.,  is  correct,  viz.,  that  the  nitrogen  in  living  proteid  exists 
in  the  form  of  cyanogen  compounds,  when  proteid  splits  up,  much  energy 
is  set  free,  and  the  nitrogen  is  afterward  found  in  some  of  the  ammonia 
groups. 

Fonnation  of  Urie  AcUL — Uric  acid  probably  arises  much  in  the  same 
way  as  urea.  The  relation  which  urtc  acid  and  urea  bear  to  each  other, 
as  we  have  seen,  is  still  obscure.  The  fact  that  they  often  exist  together 
in  the  same  urine,  makes  it  seem  probable  that  they  have  ditlerent  ori- 
gins; but  the  entire  replacement  of  either  by  the  other,  as  of  urea  by 
uric  acid  in  the  urine  of  birds,  serpents,  and  many  insects,  and  of  uric 
acid  by  urea  in  the  urine  of  the  feline  tribe  of  Mammalia,  shows  that 
either  alone  may  take  the  place  of  the  two.  At  any  rate^  although  it  is 
true  that  one  molecule  of  uric  acid  is  capable  of  splitting  up  into  two 
molecules  of  urea  and  one  of  mes-oxalic  acid,  this  is  no  evidence  for  be- 
lieving tliat  uric  acid  is  an  antecedent  of  ure^i  in  the  nitrogenous 
metabolism  of  the  body. 

Formatkni  of  Ilippnrir  AcifL—The  source  of  hippuric  acid  is  not  sat- 
isfactorily determined;  in  part  it  is  probably  derived  from  some  constit- 
uents of  vegetable  diet,  though  man  has  no  hippuric  acid  in  his  food, 
nor,  commonly,  any  benzoic  acid  that  might  be  converted  into  it;  in 
part  from  the  natural  disintegration  of  tissues,  independent  of  vegetable 
food,  for  Weismann  constantly  found  an  appreciable  quantity,  even  when 
living  on  an  exclusively  animal  diet.  Hippuric  acid  arises  from  the 
union  of  benzoic  acid  with  glycin  (C\H,NO,  +  C,II,0,  =  CJI.NO,  + 
H,0),  which  union  probably  takes  place  in  the  kidneys  themselves.  It  is 
possible  that  the  aromatic  radicle  in  this  reaction  is  obtained  from  the 
splitting  up  of  tyrosin,  which  appears  so  frequently  as  a  result  of  the 
decomposition  of  proteid,  the  ammonia  radicle  with  which  it  ie  aasoci- 
ated  going  to  form  urea. 

The  source  of  the  extractives  of  the  urine  is  probably  in  chief  part 
metabolism  of  the  nitrogenous  tissues,  but  we  are  unable  to  say  whether 
these  nitrogenous  bodies  are  merely  accidental,  having  resisted  further 
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decomposition  into  urea,  or  whether  they  are  the  representatives  of  ibe 
decomposition  of  Bpeoiiil  ti^uus,  or  of  special  forms  of  metaboliim  of 
the  tissues.  There  is,  howe%^er,  one  exception,  and  that  is  in  the  «ise 
of  creatinln;  it  has  been  suggested  thmt  this  represents  the  crtJiiiD 
which  enters  the  body  in  ordinary  flesh  food. 

Metabolism  in  the  Vascular  Glands, 

In  addition  to  the  various  glands  tlie  Ktrueture  and  f  nnctions  of  which 
have  been  considered  in  the  precediug  chapters,  and  which  have  bt«ii 
shown  either  to  secrete  from  the  blo4)d  materiids  of  use  in  digestion  or 
to  excrete  from  the  blood  materials  of  no  further  use  in  the  ecx>noniy, 
there  are  others  which  have  not  to  do  with  secretion  or  excretion,  at  iill 
events  directly.  These  are  called  Vascular  glands,  and  comprii?e  the 
JSpk^'fu  the  Tlti/mjfs^  tlie  TanKils^  and  the  Soliiart/  ami  Agminated  glands 
of  Peyer  in  the  intestines,  alt  of  which  are  made  up  chiefly  of  lymphatic 
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Pig.  881.— BectJon  of  Injtwted  doif'ii  Hple^-n;  r,  cBjisiile;  fr.  traheculte;  m,  two  MAlp{ehi«a 
bodies  with  numerous  gmnll  ftrt*>rit»8  aoiJ  eapillariiefl;  a,  art^^ry ;  /,  lyiiipbofd  tlesue,  consuit&i?  oC 
•ctoielT-pack^l  lympboi<l  rFtls  HUtjport**il  hy  very  df'lifiit*^  rrtiform  thieue;  a  nght  SMoe  uooc- 
cupted  bveiMlsis  seeDiiJl  round  tlie  trabecuife,  which  oorrespoiidBt4i  tlie ''Ijnnpti  p«Ui^  Id  tjin- 
pbatic  glands,     (Schofleld. ) 

tissue,  resembling  lymphatic  glands,  and  which  are  evidently  closelj 
connected  with  the  lymphatic  system;  the  Hitpra-renal  capsules  or  Ad- 
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nah;  the  TTijfroid ;  the  Pinatl  and  PHiiitarif  gJamh  and  the  Carotid 

id  Corrytjeal  ghtntU^  about  of  idl  of  which  very  little  is  known. 

The  Spleen  is  the  largest  of  these  so-called  vascular  glands;  it  ia 

lituated  to  the  left  of  the  stonifi€h,  between  it  anrl  tlie  diaphragm.     It 

of  a  deep  red  color,  of  a  variable  shape,  generally  oval,  somewhat 

>ncavo-convex.     Vessels  enter  and  leave  the  gland  at  the  inner  side  or 

lihig. 

Sirufttire, — The  spleen  is  covered  extenially  almost  completely  by  a 
erous  coat  derived  from  the  peritoneum,  w*lule  within  this  ig  the  proper 


Fig.  asa.^Rettailum  of  the  spleen  of  ft  cat,  ahown  by  injection  with  gv^latloe,    CCodtat.  > 

IbrouB  coat  or  capsule  of  the  organ.     The  latter,  composed  of  connective 

(tissue,  with  a  large  prepondeninee  of  elastic  fibres,  and  a  certain  propor- 

[tion  of  unstriated  muscular  tissue,  forms  the  immediate  investment  of 

[the  spleen.     Prolonged  from  its  inner  surface  are  fibrous  processes  or 

Itradeiiiiw^  containing  much  unstriated  muscle,  which  enter  the  interior 

[of  the  organ,  and,  dividing  and  anastomosing  in  all  parts,  form  a  kind 

[of  supporting  framework  or  siromay  m  the  interstices  of  wliich   the 

[proper  substance  of  tlio  spleen  (spleen-judjf)  is  contained  (fig,  33'^),     At 

[the  hilns  of  the  spleen,  the  blood-vessels,  nerves,  and  lymphatics  enter^ 

and  the  fibrous  coat  is  prolonged  into  the  spleen-substance  in  the  form 

of  investing  sheaths  for  the  arteries  and  veins,  which  sheaths  again  aro 

continuous  with  the  trabecnlae  before  referred  to. 

The  spieen-pulp^  which  ia  of  a  dark  red  or  reddish -brown  color,  ia 
composed  chiefly  of  cells,  imbedded  in  a  matrix  of  fibres  formed  of  t!ie 
branching  of  large  flattened  nucleated  endotheloid  cells.  The  spaces  of 
the  network  only  partially  occupied  by  cells  form  a  freely  commnnieat- 
ing  system.  Of  the  ccUs  some  are  granular  corpuscles  resembling  the 
lymph-corpusclea,  more  or  less  connected  with  the  cells  of  the  mesh  work, 
both  in  general  appearance  and  in  being  able  to  perform  amot^boid 
movements;  others  aro  red  blood -corpuscles  of  normal  appearance  or 
variously  changed ;  while  there  are  ako  large  cells  containing  either  a 
pigment  allied  to  the  coloring  matter  of  the  blood,  or  rounded  corpuscles 
like  red  corpuBcles. 

The  splenic  artery,  after  entering  the  spleen  by  its  concave  surface, 
divides  and  subdivides,  with  but  litHe  anaatomosis  between  its  branches; 
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at  the  same  time  its  braiichea  are  sheathed  by  the  prolongatioM  of  ihe 
fibrous  coat,  which  they,  bo  to  speak,  carry  into  the  spleen  with  them. 
The  arteries  send  oH  branches  into  the  spleen-pulp  wbich  end  in  capil- 
laries, and  these  either  communicate,  as  in  other  parts  of  the  body^  with 
the  radicles  of  tlie  veins,  or  end  in  lacunar  spacoa  in  the  epleen-ptUp, 
from  which  veins  arise. 

The  wallsof  the  smaller  veins  are  more  or  less  iucomplete,  and  readily 
allow  lymphoid  corpuscles  to  be  swept  into  the  blood-currents  The 
blood  from  the  arterial  caijilluriea  m  emptied  into  a  system  of  interme- 
diate passages,  which  are  directly  boondcd  by  the  cells  and  fibres  of  the 
network  of  the  pu!p,  and  from  which  the  smallest  venous  radicles  with 
their  cribriform  walls  take  origin.  The  veins  are  large  and  distensible; 
the  whole  tissue  of  the  spleen  is  highly  vascular  and  becomes  readily 
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Fig.  338.— Section  of  iiplepii  of  cat.     a,  t 
with  snmU  urterj",  ft.'  f^,  ^^'i 


\  MalpUhiaii  corpuficleti.  In  cam  of  a\  in  oonneetioo 
small  arteries;  c,  aecUon  of  Irabeeulie. 


engorged  with  blood:  the  amount  of  distention  ia,  however,  limited  b] 
the  fibrous  and  muscular  tissue  of  its  capsule  and  tral>eculse,  which  formt 
an  investment  and  support  for  the  pulpy  mn.88  within. 

On  the  face  of  a  section  of  the  spleen  can  be  usually  seen  readily  with 
the  naked  eye,  minute,  scattered  rounded  or  oval  whitish  spots,  mostly 
from  ^  to  ^  inch  (|  to  |  mm.)  in  diameter.  These  are  the  Malpi- 
ghian  corpuach^  of  the  spleen,  and  are  situated  on  the  sheaths  of  tht 
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mi  ante  splenic  arteries,  of  which,  indeed,  they  may  be  said  to  be  out- 
^owths  (tig.  333).  For  while  the  sheaths  of  the  larger  arteries  are  con- 
structed of  ordinary  connective  tissue,  this  has  become  modified  where  it 
forms  an  investment  for  the  smaller  vessels,  so  as  to  be  composed  of 
adenoid  tissue,   with  abundanec  of  corpuscles,  like  Ijmph-corpui^cles, 

I  contained  in  its  meshes,  and  the  Malpighian  corpuscles  are  but  small 
outgrowths  of  this  rtjfotjemjnn  or  cell-bearing  connective  tissue.  They 
arft  composed  of  cylindrical  masses  of  corpuscles,  intersected  in  all  parts 
by  a  delicate  fibrillar  tissue,  which,  though  it  invests  the  Malpighian 
bodies,  does  not  form  a  complete  capsule.  Blood -capillaries  traverse  the 
Malpighian  corpuscles  and  form  a  plexiis  in  their  interior.  The  struc- 
ture of  a  Malpighian  corpuscle  of  the  spleen  is,  therefore,  very  similar  to 
that  of  lymphatic-gland  substance. 

I  Ftmeiiom. — With  respect  to  the  office  of  the  spleen,  we  have  the  fol- 
lowing data:  (1.)  The  large  size  which  it  gradually  acquires  toward 
the  termination  of  the  digestive  process,  and  the  great  increase  observed 
about  this  period  in  the  amount  of  the  finely-granular  albuminous 
plasma  within  its  parenchyma,  and  the  subseqoent  gradual  decrease  of 
this  material,  seem  to  indicate  that  this  organ  is  concerned  in  storing  up 
some  of  the  changed  and  absorbed  proteid  food,  to  be  gradually  intro- 
duced into  the  blood,  according  to  the  demands  of  the  general  system. 
(2.)  It  seems  probable  that  the  B]ileen,  like  the  lymphatic  glands,  is 
engaged  in  the  formation  of  hhotl-eorpuficles.  For  it  is  quite  certain, 
that  the  blood  of  the  splenic  vein  contains  an  unusimlly  large  amount 
of  white  corpuscles;  and  in  the  disease  termed  leucocytha^mia,  in  which 
the  pale  corpuscles  of  the  blood  are  remarkably  increased  in  number, 
there  is  almost  always  found  an  hypertrophied  state  of  the  spleen  or  of 
the  lymphatic  glands.  In  Kolliker*s  opinion,  the  development  of  color- 
less and  also  colored  corpuscles  of  the  blood  is  one  of  the  essential  fnuc- 
tiona  of  the  spleen,  into  the  veins  of  which  the  new-formed  corpuscles 
pass,  and  are  thus  conveyed  into  the  general  current  of  the  circulation. 
(3.)  There  is  reason  to  believe,  that  in  the  spleen  many  of  the  red 
carpuscies  of  the  blood,  those  probably  which  have  discharged  their 
office  and  are  worn  out,  tindertjo  dmntegration;  for  in  the  colored  por- 
tions of  the  spleen-pulp  an  abundance  of  such  corpuscles,  in  various 
stages  of  degeneration,  are  found,  while  the  red  corpuscles  in  the  splenic 
venous  blood  are  said  to  be  relatively  diminished.  Th  is  process  appears  to 
be  as  follows:  the  blood-corpuscles,  becoming  smaller  and  darker,  collect 
together  in  roundish  heaps,  which  may  remain  in  this  condition,  or 
become  each  surrounded  by  a  cell-wall.  The  cells  thus  produced  may 
contain  from  one  to  twenty  blood -corpuscles  in  their  interior.  These 
corpuscles  become  smaller  and  smaller;  exchange  their  red  for  a  golden 
yellow,  brown,  or  black  color ;  and  at  length  are  converted  into  pigment- 
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griiJiiles,  which  b}-  degrees  become  puler  tuul  paler,  until  all  color  isH^H 
The  corpuac'Ies  iititlergo  tliese  changes  wliether  the  heaps  of  them  are 
enveloped  by  a  cell-wtill  or  not;  some  pigment  is  uko  to  be  found  in  tie  M 
cell  of  the  reticiiiunh  " 

(4.)  From  tho  almost  constant  presence  of  nric  acid,  in  larger  quau- 
titles  than  in  other  organs,  as  well  unof  the  nitrogenous  bodies,  xanthiu^ 
hypoxanthin,  and  leucin^  in  the  spleen,  some  speciai  nitrot^euous  mda- 
bolimt  may  be  fairly  infexred  to  occur  in  it.  One  of  the  features  of  th© 
chemical  composition  of  the  spleen  ini  the  presence  of  a  special  proteid» 
of  the  natnre  of  alkali-albumin,  containing  iron.  The  salts  of  tht 
spleen  consist  chiefly  of  sodium  phosphates.  I 

(5.)  Besides  these,  its  supposc^d  direct  offices,  the  spleen  is  believed  ti> 
fulfil  some  purj^iose  in  regard  to  the  portal  circulation,  with  which  it  is 
in  close  connection.  From  the  readiness  with  which  it  admits  of  being 
distended,  and  from  the  fact  that  it  is  generally  small  while  gastric 
digestion  is  going  on,  and  enlarges  when  that  act  is  concluded,  it  is  sop- 
posed  to  act  as  a  kind  of  vascular  reservoir,  or  diverticulum  to  the  portal* 
system,  or  more  particnhirly  to  the  vessels  of  the  stomach,  That  it  inny 
serve  such  a  purpose  is  also  made  probable  by  the  enlargement  which  it. 
undergoes  in  certain  affections  of  the  heart  and  liver,  attended  with  oIk 
struct  ion  to  the  pa??8age  of  blood  through  the  latter  organ,  and  by  its 
diminution  when  the  congestion  of  the  portal  system  is  relieved  by 
discharges  from  the  bowels,  or  by  the  effusion  of  blood  into  the  stomach. 
This  mechanical  influence  on  the  cireulatiou,  however,  can  hardly  be 
supposed  to  be  more  than  a  very  subordinate  function. 

The  spleen  may  be  removed  without  any  obvious  ill  effects 

hifiui'urc  of  ihc  Xfrvons  Sffi^trm  ft  pan  fhf  i*>/>^pf'?/.— ^\lien  the  spleenTF 
enlarged  after  digestion,  its  enlargement  is  probably  due  to  two  causes, 
(1)  a  relaxation  of  the  mnscnlar  tissue  which  forma  so  large  a  part  of 
its  framework ;  C^)  a  dilatation  of  the  vessels.  Both  these  phenomena 
arc  doubtless  under  control  of  the  nervous  system.  It  has  been  found 
by  experiment  that  when  the  splenic  nerves  are  cut  the  spleen  enlarges, 
and  that  contraction  can  be  brought  about  (1)  by  rftimnlation  of  the 
spinal  cord  (or  of  the  divided  nerves);  (2)  rellexly  by  stimulation  of  the 
central  stumps  of  certain  divided  nerves,  e.^.,  vagus  and  sciatic;  (3)  by 
local  stimulation  by  an  electric  current;  (4)  the  eshihiiion  of  qu  in  hit  ami 
some  other  dnigs.  It  has  been  shown  by  the  oncometer  of  Koy  (fig.  294} » 
that  the  spleen  undergoes  rhythmical  contractions  and  dilatations,  due 
no  doubt  to  the  contraction  and  relaxation  of  the  muscular  tissue  in  its 
capsule  and  trabecul^e.  It  also  shows  the  rhythmical  alteration  of  the 
general  blood  pressure,  hut  to  a  less  extent  than  the  kidney. 

The  Thymus.— This  gland  must  be  looked  upon  as  a  temporary, 
organ,  as  it  attains  its  greatest  size  early  after  birth,  and  after 
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id  year  gradually  dimiDishes,  nntil  in  adult  life  bardly  a  vestige 
lains.  At  its  greatest  development  it  is  a  long,  narrow  body,  situated 
the  front  of  the  chest  behind  the  sternum  and  partly  in  the  lower  part 
the  neck.  It  is  vf  a  reddish  or  grayish  color,  distinctly  lobuluted. 
^truciun\—The  gland  is  surruunileil  by  a  fibrous  capsule,  which  sends 
in  processed,  forming  trabecula?,  which  divide  the  glands  into  lobes,  and 
carry  the  blood  and  lymph -vessels.  Tho  large  trabecula?  brancli  into 
small  ones,  which  divide  tho  lobes  into  lobules.  The  lobules  are  fnrtlier 
ibdivided  into  follicles  by  fine  connective  tissue.  A  follicle  (fig.  330) 
I  seen  on  section  to  bo  more  or  less  polyhedral  in  shape,  and  consists  of 


Fig.  834. 


Fig.  aas. 


Flip.  aS4.  — TranBvpnte  sectfoTi  of  a  lohiile  of  tua  iDjIected  infaotUe  tlivmuA  ^liLnd.    a,  Cftpeule 
I  of  connective-tisfiut"  surroimdjti^  tht«k}|>uli:*;  b,  membrane  of  the  ,elaoiliimr  vesicles;  r,  cavity  of 
'the  lobule,  fmm  which  thi?  larger  bkKul- vessels  opb   Been  to  eJ£t4?u(i  towitrd  aud  ramify  in  tho 
«{)ht*n>idAl  masses  of  the  lofaule.     x  90,     (Krdliker.) 

Fi|?,  335.— ThymiiB  of  &  calf.     «,  Cortejc  of  follicle;  ft»  medulla;   c,  intcrfolllcular  tissue, 
mai^uifled  about  twelve  times,     CWatuey. ) 

cortical  and  medullary  portions,  both  of  which  are  composed  of  adenoid 
tLBsae,  but  in  the  medullary  portion  the  matrix  is  coarser,  and  is  not  so 
filled  up  with  lymphoid  corpuscles  as  in  the  cortex.  The  adenoid  tissue 
of  the  cortex,  and  to  a  less  marked  extent  that  of  the  medulla,  consists 
of  the  two  elements,  one  with  small  meshes  formed  of  fine  fibres  with 
thickened  nodal  points,  and  the  other  enclosed  within  the  first,  com- 
pofled  of  branched  connective-tissue  corpuscles  (Watney).  Scattered  in 
the  adenoid  tissue  of  the  medulla  are  the  coneenirie  corpuscles  of  IJassalJ^ 
which  are  protoplasmic  masses  of  various  sizes,  consisting  of  a  nucleated 
granular  centre,  surrounded  by  flattened  nucleated  endothelial  cells. 
In  the  reticolum,  especially  of  the  medulla,  are  large  transparent  giant 
cells.  In  the  thymus  of  the  dog  and  of  other  animals  are  to  be  found 
31 
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cysts,  probably  derived  from  the  conoentric  corpuscles,  some  of  which 
are  lined  with  ciliated  epithelium,  and  others  with  short  columnar  celk 
llajmoglobiu  is  foimd  in  the  thymus  of  all  animals,  either  in  these  cygta, 
or  in  cells  near  to  or  of  the  concentric  corpuscles.  lo  the  l}Tnph  isBaing 
from  the  thymus  are  cells  containing  colored  blood-corpngclee  and 
haemoglobin  granules,  and  in  the  lymphatics  of  the  thymus  there  are 
more  colorless  cells  than  in  the  lymphaticBof  the  neck.  luthe  blood  of 
the  thymic  vein,  there  ajipeara  sometimes  to  be  an  increafie  in  the 
colorless  corpuscles,  and  also  masses  of  granular  matter  (corpuscles  of 
Zimmermann)  (Wutnc}^).  The  arteries  radiate  from  the  centre  of  the 
gland.  Lymph  sinuses  may  be  seen  occasionally  surrounding  a  greater 
or  smaller  portion  of  the  periphery  of  the  follicles  (Klein).  The  nerves 
are  very  minute. 

From  the  thymus  various  substances  may  be  extracted,  many  of  them 
similar  to  those  obtained  from  the  spleen,  <?.^.,  xanthin,  hypoxanthm, 


i-^K.  ;i:«J. 


Fig.  887. 


Fig.  888.- From  n  horizontal  section  through  saperfldiil  part  of  the  thymuji  of  a  caJf,  sligiitly 
tn&griiAed.  BbowiD^r  iti  the  ct'titrf:<  a  folliele  of  polygonal  sikapo  with  elmll&rly  shaped  follidet 
rou II fl  i t.     (K le i niLud  N oble Sim i t h. > 

Fig.  337.— The  TVticulimi  of  the  Thymus,  a.  Epithelial  elements;  6,  corpuscles  of  HasttLll. 
(Codiat.) 


and  leiicin,  as  well  as  a  certain  proteid  body  of  the  nature  of  globulin  (cell- 
globulin),  which  on  injection  into  the  veins  of  an  animal  produces  int 
vascular  clotting. 

FuiwfktfL — The  thymus  appears  to  take  part  in  producing  cold 
corpuscles,  both  from  tlie  large  corpuscles  containing  hsemoglobin,  and  J 
also  indirectly  from  the  colorless  corpuscles  (Watney), 

Respecting  the  thymus  gland  in  the  hybernating animals,  in  which  it-^ 
exists  throughout  life,a3  each  successive  period  of  hybernation  approaches, 
the  thymus  greatly  enlarges  and  becomes  laden  with  fat,  which  accumulates  ! 
in  it  and  in  fat  glands  connected  with  it,  in  even  larger  proportions  t!mn 
it  does  in  the  ordinary  seats  of  adipose  tissue.      Hence  it  appears  to 
serve  for  the  storing  up  of  materials  which,  being  re-absorbed  in  inactivity  fl 
of  the  hybernating  period,  may  maintain  the  respiration  and  the  tem- 
perature of  the  body  in  the  reduced  stiite  to  which  they  fall  during  that 
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Ftime.     It  haa  been  shown  also  to  be  a  source  of  the  red  blood-corpuscles, 
%i  any  rate  in  early  life. 

The  Thyroid. — The  thyroid  gland  is  situated  in  the  neck.  It  con- 
sists of  two  lubes  one  on  each  side  of  the  trachea  extending  upward  to 
the  thyroid  cartilage,  covering  its  inferior  cornu  and  part  of  its  body; 
these  lobee  are  connected  across  the  middle  line  by  a  middle  lobe  or 


Pllf .  838.  — Pttit  of  A  section  of  the  huinaii  thyroid,  a.  Fibrous  capule :  b,  thyroid  resloien  flUed 
with,  €.  coUoid  siihstance ;  c,  stipportlne  flbrous  tlsAue;  d,  nhorttyofumnaxceUB  Hnlog- reside*;  A 
ftrteries;  g,  toLim  ill led  with  blood;  A,  IjTnphatic  vessel  flUed  with  coUoltl  sulistADico.  >  (S.  K. 
JJcockO 

isthmus.     The  thyroid  is  covered  by  the  muscles  of  the  neck.     It  is 
highly  vascular,  and  varies  in  size  in  different  individuals. 

Struct ures, — ^The  giand  incased  in  a  thin  transparent  layer  of  dense 
areolar  tissue,  free  from  fat,  containing  clastic  fibres.  This  capsule  sends 
in  strong  fibrous  trabeculie,  which  inclose  the  thyroid  veskkii — which  are 
rounded  or  oblong  irregular  sacs,  consisting  of  a  wall  of  thin  hyaline 
membrane  lined  by  a  single  layer  of  short  cylindrical  or  cubical  cells. 
Thoise  vesicles  are  filled  with  a  coagulable  fluid  or  transparent  colloid 
material.  The  colloid  substanca  increases  with  age,  and  the  cavities 
appear  to  coalesce.  In  the  interstitial  connective  tissue  is  a  round 
meshed  capillary  plexus,  and  a  large  number  of  lymphatics.  The  nervee 
adhere  closely  to  the  vessels. 
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In  the  Tesicles  there  are  in  addition  to  the  yellowish  glawf  coUoid 
material,  epithelium  cells,  colorless  blood-corpuscles,  and  also  coiored 
corpuscles  undergoing  disintegration* 

Fu7ic(ion.~TheTQ  is  little  known  definitely  about  the  function  of  th« 
thyroid  body.  It,  however,  produces  colloid  material  of  the  veeicle, 
which  is  carried  off  by  the  lymphiitics  and  discharged  into  the  blood, 
and  BO  may  contribute  its  share  to  the  elaboration  of  that  fluid.  The 
destruction  of  red  blood-corpuscles  is  also  supposed  to  go  on  in  the  gland. 
In  certain  animalt?  itts  removal  appears  to  produce  a  peculiar  condition 
in  which  mucin  is  deposited  in  its  tissues.  A  sionlar  condition, 
known  as  Myxoedema,  and  Cretinism  are  closely  associated  with  difleaae 
or  removal  of  the  thyroid  gland  in  the  human  subject.  In  certain 
animals,  too,  peculiar  nervous  symptoms,  such  as  twitch ings,  tremors, 
or  convulsions  have  been  noticed  after  the  most  careful  removal  of  the 
fland,  with  more  or  less  paralysis  or  inco-ordination. 

The  Supra-renal  Capsules  or  Adrenals.— These  are  two  flattened, 
more  or  Jess  triangular  or  cocked-hat  shaped  bodies,  resting  by  their 
lower  border  upon  the  upper  border  of  the  kidneys. 

Structure. — The  gland  is  surrounded  by  an  outer  sheath  of  connective 
tissue,  which  sometimes  consists  of  two  layers,  sending  in  exceedingly 


\i^-W 


Fifir.  330.— Vertical  section  throuirh  part  of  the  cortical  portion  of  snpra-reiial  of  iniin««-i»if, 
a*  CapKiilt';  6.  zona  elooii^mloaa;  r»  aoaa  fasclculaiA :  ff.  cotiiiectlve  tlaasuefmpportinjp  the  colimuis 
of  the  cells  of  the  l&tter^  anti  also  indicating  the  positions  of  the  blood -veaaels.    x    (S.  K.  Alcoclt) 

fine  prolongations  forming  the  framework  of  the  gland.  The  gland 
tissue  proper  consists  of  an  outside  firmer  cortical  portion,  and  an  inrndd 
soft  dark  medullary  portion. 
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(1,)  The  coriiml  portioti  is  divided  into  (fig,  339)  an  external  nar- 
row layer  of  small  roiinded  or  ovai  spaces,  the  zona  glomerulma^  made 

^by  the  fibrous  trabeculse,  containing  multinucleated  maases  of  proto- 
plasm, the  differentiation  of  which  into  distinct  cells  cannot  be  made 

[out  (b).     A   layer  of  cells  arranged  radially,  the  zona  fast- iculata  {c). 

iTbe  substance  of  this  layer  is  broken  up  into  cylinders,  each  of  which 

lis  surrounded  by  the  connective-tissue  framework.  The  cylinders  thus 
produced  are  of  three  kinds— one  containing  an  opaque,  resistant, 
highly  refracting  mass  (probably  of  a  fatty  nature) ;  fref|uently  a  large 
number  of  nuclei  are  present;  the  individual  cells  can  only  be  made  out 
with  difficulty.  The  second  variety  of  cylinders  is  of  a  brownish  color, 
and  contains  finely  granular  cells,  in  which  are  fat  globules.      The 
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Fl^,  S40.— Section  throii(rh  a  iwrtion  of  the  medullanrpfirt  of  the  supra-renal  of  t ^ 

Th6  TCBKLft  ar©  v«?ry  numerous,  and  the  flbremg  stroma  more  distinct  tliAB  in  tbe  cortex,  aiMl  1 
moreover  reticul&ted.  The  cells  are  irru^^ulttr  and  larRer,  clean,  and  free  from  oil  globulw.  X 
(S.  K.  Alcock  j 

third  variety  consists  of  gray  cylinders,  containing  a  number  of  cells 
whose  nuclei  are  filled  with  a  large  uum!>er  of  fat  granules.  The  third 
layer  of  the  cortical  portion  is  the  zona  rdicnlaris  (not  shown  in  fig. 
339) .  This  layer  is  apparently  formed  by  the  breaking  up  of  the  cylinders, 
the  elements  being  dispersed  and  isolated.  The  cells  are  finely  granular, 
and  have  no  deposit  of  fat  in  their  interior;  but  in  some  S|)ecimen8  fat 
may  be  present,  as  well  as  certain  large  yellow  granules,  which  may  be 
called  pigment  granules. 

(2,)  The  meduUary  substance  consists  of  a  coarse  rounded  or  irregular 
mesh  work  of  fibrous  tissue,  in  the  alveoli  of  which  are  masses  of  multi- 
nucleated protoplasm  (fig.  340);  numerous  blood-vessels;  and  an  abun- 
dance of  nervous  elements.  The  cells  are  very  irregular  in  shape  and  size, 
poor  in  fat,  and  occasionally  branched ;  the  nerves  run  through  the  cor- 
tical substance,  and  anastomose  over  the  medullary  portion. 
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Kerves. — The  adrenals  are  very  abundantly  supplied  with  nenea^ 
chiefly  composed  of  medti Hated  fibres.  These  fibres  are  derived  from 
the  Bolar  and  reoal  plexuses,  vagi  and  phrenics.  Nerve-cells  are  alao 
numerous  in  connectioD  with  these  fibres.  The  fibres  enter  the  hilum  ol 
the  gland,  but  the  method  of  their  termination  is  unknown. 

Compositmu^-ln  addition  to  tlie  ordinary  extractives,  benzoic  add, 
hippuric  acid,  and  taurin  have  been  found,  and  also  inosite,  as  well «  a 
peculiar  pigmentary  substance,  soluble  in  water,  becoming  red  on  ex- 
posure to  light,  and  giving  with  ferric  chloride  a  green  or  blue  color, 
Haemochromogen  has  been  found  by  McMimn.  Neurin,  apparentlj 
from  the  nervous  elements,  has  also  been  shown. 

Frrnciion.-^Ot  the  function  of  the  supra-renal  bodies  nothing  can  be 
definitely  stated,  but  they  are  in  all  probability  connected  with  tbd 
lymphatic  system. 

Addison's  Disease. — The  collection  of  large  numbers  of  caaes  in  which  the 
supra- renal  capsules  have  been  diseased,  has  demonstrated  the  very  close  rektion 
subi^istiDg  between  disease  of  those  organs  aod  brown  discoloration  of  the  akin 
< Addison *B  diaease)  ;  but  the  explanation  of  this  relation  is  still  involved  ia 
obscurity,  and  conse<jiieDtly  doeti  not  aid  much  in  determining  the  functions  of 
the  supra- renal  capsules . 


The  Pituitary  Body.— This  body  is  a  small  reddish-gray  mamf 
occupying  the  sella  turcica  of  the  sphenoid  bone* 

Sinidure. — It  consists  of  two  lobes — a  small  posterior  one,  oonnist* 
ing  of  nervous  tissue;  an  anterior  larger  one,  resembling  the  thyroid  io 
structure.  A  canal  lined  with  flattened  or  with  ciliated  epithelium 
passes  through  the  anterior  lobe;  it  is  connected  with  the  infundi- 
buhim.  The  gland  spaces  are  oval,  nearly  round  at  the  periphery, 
spherical  toward  the  centre  of  the  organ;  t!iey  are  filled  with  nucleatedJ 
cells  of  various  size^  and  shapes  not  unlike  ganglion  cells,  collected 
together  into  rounded  masses,  filling  the  vesicles,  and  contained  in  a  eemi' 
fluid  granular  substance.  The  vesicles  are  inclosed  by  connective  tismie, 
rich  in  capillaries. 

Fffftcfion. — Nothing  is  known  of  the  function  of  the  pituitary  body. 

The  Pineal  Gland.— This  gland,  which  is  a  small  reddish  body,  is 
placed  beneath  the  back  part  of  the  corpus  callosum,  and  rests  upon  the 
corpora  qQadrigemina. 

Structure. ^It  contains  a  central  cavity  lined  with  ciliated  epithelium,| 
The  gland  substance  proper  is  divisible  into — {!•)  An  outer  cortical^ 
layer,  analogous  in  struetnre  to  the  anterior  lobe  of  the  pituitary  body; 
and  (2,)  An  inner  central  layer,  wholly  nervous.  The  cortical  lajer 
consists  of  a  number  of  close  follicles,  containing  (a)  cells  of  variable 
shape,  rounded,  elongated,  or  stellate;  (b)  fusiform  cells.  There  is  also 
present  a  gritty  matter   (acervulus  cerebri) ^  consisting  of  round  par* 
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tides  aggregated  inta  small  masses.  The  central  substance  consists  of 
white  and  gray  matter.  The  blood-vessels  are  small,  and  form  a  very 
delicate  capillary  plexus, 

Fufwtion,' — Of  this  there  is  nothing  known. 

The  Coccygeal  and  Carotid  Glands.— These  so-called  glands  are 
gitaated,  the  one  in  front  of  the  tip  of  the  coccyi,  and  the  other  at  the 
point  of  bifurcation  of  the  common  carotid  artery  on  each  side.  They 
are  made  up  of  a  plexus  of  small  arteries,  are  inclosed  and  supported 
by  a  capsule  of  fibrous  tissue,  which  contains  connective-tissue  corpuscles. 
The  blood-vessels  are  surrounded  by  one  or  more  layers  of  cells  like 
secreting-cells,  which  are  said  to  be  modified  plasma  cells  of  the  con- 
neotive  tissue.     The  function  of  these  bodies  is  unknown. 

Fundiom  of  the  Vascular  Glands  in  OetieraL 

The  opinion  that  the  vascular  glands  serve  for  the  higher  organiza- 
tion of  the  blood,  is  supported  by  their  being  all  especially  active  in  the 
discharge  of  their  functions  during  fa^tal  life  and  childhood,  when^  for 
the  development  and  growth  of  the  body,  the  most  abundant  supply  of 
highly  organized  blood  is  necessjiry.  The  bulk  of  the  thymus  gland, 
in  proportion  to  that  of  the  body,  appears  to  bear  almtjfit  a  direct 
proportion  to  the  activity  of  the  body's  development  and  growth,  and 
when,  at  the  period  of  puberty,  the  development  of  the  body  may  be 
said  to  be  complete,  the  gland  wastes,  and  finally  disappears.  The 
thyroid  gland  and  supra-renal  capsules,  also,  though  they  probably 
never  cease  to  discharge  some  function,  yet  are  proportionally  much 
smaller  in  childhood  than  in  foetal  life  and  Infancy;  and  with  the  years 
advancing  to  the  adult  period,  they  diminish  yet  more  in  proportionate 
size  and  apparent  activity  of  function.  The  spleen  more  nearly  retains 
its  proportionate  size,  and  enlarges  nearly  jis  the  whole  body  does. 

Although  the  functions  of  all  the  vascular  glands  may  be  similar,  in 
so  far  as  they  may  all  alike  serve  for  the  elaboration  and  maintenance 
of  the  blood,  yet  each  of  them  probably  discharges  a  peculiar  office,  in 
relation  either  to  the  whole  economy  or  to  that  of  some  other  organ. 
Respecting  any  special  office  of  the  thyroid  gland,  nothing  reasonable 
has  been  hitherto  suggested;  nor  is  there  any  certain  evidence  concern- 
ing that  of  the  supra-renal  capsules.  Bergman  believed  that  they 
formed  part  of  the  sympathetic  nervous  system  from  the  richness  of 
their  nervous  supply.  Kolliker  looked  upon  tlje  two  parts  as  function- 
ally distinct,  the  cortical  part  belonging  to  the  blood  vascular  system. 


and  the  medullary  to  the  nervous  system. 


(JHAPTEE  XIII. 

ANIMAL   HEAT. 

One  of  the  most  important  results  of  the  metabolism  of  the  tisBaes  k 
the  production  of  the  heat  of  the  body.  It  is  by  this  means  that  the 
bodily  temperature  is  raised  to  such  a  point  as  to  make  life  poBsible. 
In  man  and  in  such  animals  as  are  called  warm-blooded,  including  odIj 
mammals  and  birds,  it  is  found  on  the  one  hand,  that  there  is  an  aver- 
age  temperature  which  is  maintained  with  only  slight  variations  in  spite 
of  changes  in  their  environment,  and  on  the  other  hand,  that  the  pos- 
sible variations  above  and  below  this  average  are  comparatively  slight 
It  must  not  be  thought,  however,  that  the  average  temperature  in  all 
mammals  and  birds  is  the  same;  for  example,  as  we  shall  see,  the  average 
temperature  of  man  is  just  37°  C.  (98.6°  F.),  in  some  birds  it  is  as  high 
as  44°  C.  (111°  F.),  whereas  in  the  wolf  it  is  said  to  bounder  36**  C 
(00°  R). 

The  average  temperature  of  the  human  body  in  those  internal  parte 
which  are  most  easily  accessible,  as  the  mouth  and  rectum,  is  from  36.9** 
-37.4°  C.  (98.5°  to  00.5°  F.).  In  different  parts  of  the  external  surface 
of  the  human  body  the  temperature  varies  only  to  the  extent  of  one  or 
two  degrees  (C),  when  all  are  alike  protected  from  cooling  influences; 
and  the  difference  which  under  these  circumstances  exists,  depends  chiefly 
upon  the  different  degrees  of  blood-supply.  In  the  axilla — the  most 
convenient  situation,  under  ordinary  circumstances,  for  examination  by 
the  tbermometor — the  average  temperature  is  30.0°  C.  (98.6°  F.).  In 
ditTerent  internal  parts,  the  variation  is  one  or  two  degrees;  those  parts 
and  organs  being  warmest  which  contain  most  blood,  and  in  which  there 
occurs  the  greatest  amount  of  chemical  change,  €,g.^  the  muscles  and 
the  glands;  and  the  temperature  is  highest,  when  they  are  in  a  condi- 
tion of  activity:  while  those  tissues  which,  subserving  only  a  mechanical 
function,  are  the  seat  of  least  active  circulation  and  chemical  change, 
are  the  coolest.  These  differences  of  temperature,  however,  are  actually 
but  slight,  on  account  of  the  provisions  which  exist  for  maintaining 
uniformity  of  temperature  in  different  parts. 

Circumstances  causi7}g  Variations  in  Temperature. — Tlie  chief  circumstances 
by  wliich  the  temperature  of  a  healtliy  body  is  influenced  are  the  following : — 

Age. — Tlie  average  temperature  of  tlie  new-bom  child  is  only  about  half  a 
degree  C.   (1''  F.)  above  that  of  the  adult;  and  the  difference  becomes  still 
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triflinj^  during  infancy  and  early  childhotxi.  The  tempeniture  falls  to 
Ithe  extent  of  abmt  /2  C  (.5  F. )  from  early  infancy  to  puberty,  and  by 
IaIhiuI  tlie  same  amount  from  pulwrty  t*>  Hfty  or  eixty  years  of  age.  In  old  age 
Ithe  temperature  again  rise>),  and  approaches  that  of  iufaucj. 
I  Sex. — The  average  tem|)erature  of  the  female  ijs  slightly  higher  than  that  of 
|the  male. 

Period  of  tlie  Aiy,— The  tempeniture  undergoes  a  gradual  alteration,  to  the 
lesctent  of  about  .54-8    C,   (1    to  \.'>'  F.)  m  the  course  of  the  day  and  night; 
Ilhemiru'mtim  being  at  night  or  in  the  early  morning.  X\w  maanmnm  late  in  the 
afternoon. 

Kixrcim. — Active  exercise  raises  the  temperature  of  the  body  from  .54 "^1.08" 
\IC,  {V  XoT  ¥,). 

Climate  and  Seascni. — The  temperature  of  the  human  Ixxly  is  practically  the 
Ipe  in  temperate  as  in  tropical  climates.     In  summer  the  tem|>erature  *4  the 
ly  is  a  little  higher  tJian  in  winter;    the  djiferenc^j  amounting  to  about  a 
fifth  of  a  degree  C. 

Pood  and  Dn'ttk. — Tlie  effect  of  a  meal  upon  the  temperature  of  a  lx>dy  is  but 
small  A  very  slight  rise  Ui*Tially  iMcurs.  Cold  alcoholic  drinks  slightly 
depress  the  tem|>crature  alxiut  half  a  di'gree  C.  Warm  alcoholic  drinks,  as 
^reU  as  warm  tea  and  coffee,  raine  the  temperature  al)out  a  third  of  a  degree  C. 
Disease. — In  disease  the  tetupeniture  of  the  bcHly  deviates  from  the  normal 
standard  to  a  greater  exteot  than  would  l>e  anticipated  fmui  the  sliglit  efTe<'t 
of  external  conditions  during  health.  Tlins,  in  some  disease,  as  pneumonia 
and  typhus,  it  occasionally  rises  as  high  as  41  "-41.0"'  C.  (KHr  or  107  F. ),  and 
considerably  higher  temf>eratnres  liave  been  nqted.     In  ^Vsiatic  cholera,  on  the 

K**^her  hand,  a  tliermometcr  placed  in  the  mouth  may  sometimes  rise  only  to 
'20. 2"  C.  (77"  or7r  F.). 
Tlie  temperature  maintained  by  JIammnlia  in  an  active  state  of  life,  accord- 
g  in  the  tables  of  Tit-denmun  and  Kudolijhi,  averages  88.3''  C.  (101'  Fj, 
The  extremes  recorded  by  them  were  'MJl  Cjm  K)  i^nd  41 '  C,  (106'  F. ),  the 
former  in  the  nar^vhal.  the  latter  in  a  bat  (Vespertilio  pipistrella) ,  In  Birds, 
the  average  is  as  high  as  41,2  C.  (107  F. )  ;  the  highest  temiierature.  40.2^  C, 
(11L25'  F, )  being  in  the  small  fipecies,  the  linnets,  etc.  Among  Keptiles,  while 
Hie  medium  tliey  were  in  was  2*iJf  C,  (75'  F.)  their  average  temi>erature  was 
81.2  C.  (82.5  F.).  As  a  general  rule,  their  temijerature,  though  it  falls  with 
that  of  the  surrounding  medium,  is.  in  temperat*?  media»  two  or  more  degrees 
higher;  and  tJ^ough  it  rises  aliio  with  that  of  the  medium,  yet  at  very  hij^h 
degrees  it  ceases  to  do  so.  and  remains  even  lower  than  that  of  the  medium. 
Fish  and  invertebruta  present,  as  a  general  rule,  the  same  tom|>erature  as  the 
medium  in  which  they  live,  whether  that  he  high  or  low;  only  among  fish,  the 
tunny  tril)e,  with  strong  hearts  and  red  meat-like  muscles,  and  tnore  hlmwl 
than  the  average  of  fish  have,  are  generally  3.8  C.  (7'  F. )  warmer  than  the 
water  around  Uiem. 
_  The  difference,  therefore,  l»etwe<^n  what  are  commonly  called  the  warm  and 
^the  cold-bloodefi  animals,  or  horn oiolhermal  (o/^wof,  hke.  ^tpft//,  heat)  and  poikilo- 
ihermnl  {TriHKi?Mc^  changeful.  ^fV/^v.  heat,  is  not  one  of  al>solutply  higher  or  lower 
temperature;  for  the  animals  which  to  us  in  a  temperate  climate  feel  cold  (be- 
ing like  the  air  or  water,  colder  than  the  surface  of  our  bixliesl.  would  in  an 
external  temperature  of  87.8'  C.  (UHJ  F.)  have  nearly  the  same  tem|ierature 
and  feel  hot  to  us.  The  real  difference  is  that  warm-bUxMled  animals  have  a 
certain    permanent  heat    in  all  atmospheres,  while  the  tt*mi)erature  of  cold-  ^^— 

nlooded  animals  is  variable  with  every  atmosphere.  ^^H 
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The  Production  op  the  Body  Heat. 

The  heat  which  is  produced  in  the  body  arises  from  the  metabolic 
changes  of  the  tissues,  the  chief  part  of  which  are  of  the  nature  of  oxida- 
tion, since  it  may  be  supposed  that  the  oxygen  of  the  atmosphere  taken 
into  the  system  is  ultimately  combined  with  carbon  and  hydrogen,  and 
discharged  from  the  body  as  carbonic  acid  and  water.  Any  chango, 
indeed,  which  occur  in  the  protoplasm  of  the  tissues,  resulting  in  an 
exhibition  of  their  function,  are  attended  by  the  evolution  of  heat  and 
the  formation  of  carbonic  acid  and  water.  The  more  active  the 
changes  the  greater  is  the  heat  produced  and  the  greater  is  the  amonnt 
of  the  carbonic  acid  and  water  formed.  But  in  order  that  the  proto- 
plasm may  perform  its  function,  the  waste  of  its  own  tissue  (destmctire 
metabolism),  must  be  repaired  by  the  due  supply  of  food  material  to  be 
built  up  in  some  way  into  the  protoplasmic  molecule.  For  the 
production  of  heat,  therefore,  food  is  necessary.  In  the  tiasaee, 
as  we  have  several  times  remarked,  two  processes  are  continually 
going  on :  the  building  up  of  the  protoplasm  from  the  food  (constructiye 
metabolism)  which  is  not  accompanied  by  the  evolution  of  heat,  possiblj 
even  by  its  storing,  and  the  oxidation  of  the  protoplastic  materials 
resulting  in  the  production  of  energy,  by  which  heat  is  set  free  and 
carbonic  acid  and  water  are  evolved. 

It  is  not  necessary  to  assume  that  the  combustion  processes,  indeed, 
are  as  simple  as  the  bare  statement  of  the  fact  might  seem  to  indicate; 
and,  we  have  indicated,  in  treating  of  muscular  metabolism,  the  process 
appears  to  consist  first  of  all  of  building  up  of  the  oxygen  into  the 
molecule.  But  complicated  as  the  various  stages  may  be,  the  ultimate 
result  is  as  simple  as  in  ordinary  combustion  outside  the  body,  and  the 
products  are  the  same. 

This  theory,  that  the  maintenance  of  the  temperature  of  the  living 
body  depends  on  continual  chemical  change,  chiefly  by  oxidation  of 
combustible  materials  in  the  tissues,  has  long  been  established  by  the 
demonstration  that  the  quantity  of  carbon  and  hydrogen  as  supplied  as 
food,  which,  in  a  given  time,  unites  in  the  body  with  oxygen,  is  suflBcient 
to  account  for  the  amount  of  heat  generated  in  the  animal  within  the 
same  period:  an  amount  capable  of  maintaining  the  temperature  of  the 
body  at  from  3C.8°-3.87°  C.  (98°-100°  F.),  notwithstanding  a  large 
loss  by  radiation  and  evaporation.  This  estimation  depends  upon  the 
chemical  axiom  that  when  a  body  undergoes  a  chemical  change  the 
amount  of  energy  set  free  is  the  same,  supposing  the  resulting  products 
are  the  same,  whether  the  change  takes  place  suddenly  or  gradually.  If 
a  certain  number  of  grammes  of  different  substances  are  introduced  as 
food,  and  if  they  undergo  complete  oxidation,  the  amount  of   kinetic 
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energy  as  ahawB  in  the  amount  of  heat,  and  mechanical  work,  is  the 
same  if  the  same  bodies  are  completely  oxidized  outside  the  body;  so 
that  if  1  gramme  of  fat  be  taken  into  the  body  and  the  oxidation 
completely  oxidized,  resulting  in  the  production  of  a  definite  amount 
of  carbon  dioxide  and  water,  it  may  be  supposed  to  have  produced  the 
same  amount  of  heat  as  it  would  have  produced  outside  the  body.  In 
the  case  of  proteid  food  it  is  a  little  different,  since  it  is  never  completely 
oxidized  within  the  body,  bnt  may  tie  supposed  to  give  rise  to  a  definite 
amount  of  urea,  not  a  completely  oxidized  body.  In  this  case  the 
gramme  of  proteid  may  be  considered  to  perform  the  same  amount  of 
heat  as  the  proteid  would  outside  the  body  minus  the  amount  which 
would  l>e  obtained  from  the  complete  oxidatitm  of  the  resulting  urea* 

The  actual  amount  of  heat  proihiccd  per  diem  hiis  been  ex}ieri  men  tally 
ascertained  in  the  case  of  small  animals  by  the  aid  of  an  apparatus 
called  a  Calorimeter.  The  animal  is  included  in  a  metal  box  com- 
pletely contained  in  a  second  box  containing  water,  and  air  is  led  into 
and  out  of  the  inner  box  by  means  of  metu!  tubes;  the  one  through  which 
the  air  is  led  out  of  the  ehainlwr  has  several  coils  in  it  The  heat  given 
out  by  the  animal  warms  tJie  water  in  the  outside  box,  and  may  be 
efitimated  by  the  rise  of  its  temperature,  the  amount  of  which  is  known. 

The  amount  of  heat  produced  and  €*f  energy  in  the  form  of  mechanical 
work  set  free  in  a  given  time  arise  from  the  oxidation  of  the  substances 
taken  in  as  food  in  so  far  as  they  are  oxidized.  In  order  that  there  may 
be  correct  data  to  assist  in  the  consideration  of  the  subject,  the  amount 
of  heat  evolved  by  the  oxidation  of  various  food-stulfs  has  been  carefully 
measured.  The  results  may  he  set  down  in  terms  of  gramme-en  lories 
(Ca),  a  calorie  being  the  heat  unit,  and  meaning  the  amount  of  heat 
required  to  raise  1  gramme  of  water  1  degree  C»  or,  more  strictly,  from 
15°  C.  to  16''  C^  The  number  of  gramme-calorics  which  1  gramme 
of  the  following  substances  equals  will  be  seen  in  the  annexed  table. 

Hydrogen     .     'Mm        Fat        ,         .     9000        Urea  .  2200 

Carbou    .     .     81W        Carbohydrate    4UO0 

Proteid  ,     5000—5500 

1  gramme  of  proteid  giving  rise  to  t  gramme  of  urea. 

The  relation  between  the  income  and  expenditure  of  the  body  will  be 
considered  more  in  detail  in  the  nest  chapter,  after  the  question  of 
diets  has  been  more  fully  gone  into.  We  may  now  turn  to  the  question 
of  the  chief  heat-producing  tissues. 

Heat-producing^  Tissues,— (1.)  The  Muscks.—As  the  muscles 
form  80  large  a  part  of  the  body,  and  as  in  them  metabolism  is  particularly 
active,  it  is  only  reasonable  to  consider  the  muscular  as  the  chief  heat- 

*  Sometimes  the  term  kilogramme-calorie  is  used ;  one  kilogramme'Calorie 
being  equal  to  1000  gramme -ealoriee. 
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producing  tissue.  It  has  already  been  pointed  out  that  the  manifcgUh 
tiou  of  muscular  energy  is  always  accompanied  by  the  evolation  of  heit 
and  the  production  of  carbon  dioxide.  This  production  of  carbon 
dioxide  goes  on  while  the  muscles  are  at  rest,  only  in  a  less  degree  io 
that  which  is  noticed  during  muscular  activity,  and  so  it  is  certain  that 
an  active  metabolism  is  going  on  in  resting  as  well  as  in  contracting 
muBcIes.  This  metabolism  is  a  source  of  much  heat,  and  so  the  total 
amount  of  heat  produced  in  the  muscular  tissues  per  diem  must  be  verj 
great.  It  has  been  calculated  that,  even  neglecting  the  heat  prodnced 
by  the  quiet  n;ietaboIism  of  muscular  tissue,  the  amount  of  beat  gener- 
ated by  muscular  activity  would  supply  the  principal  part  of  the  total 
heat  produced  within  the  body.  (2.)  The  Secreting  glands^  and  prin- 
cipally the  liver,  as  being  the  largest  and  most  active,  come  next  to  the 
muscles  as  heat-producing  tissue.  It  has  been  found  by  experiment  that 
the  blood  leaving  the  glands  is  considerably  warmer  than  that  entering 
them.  The  metabolism  in  the  glands  is  very  active,  and,  as  we  have 
seen,  the  more  active  the  metabolism  the  greater  the  heat  produced. 
(3.)  The  Brain;  the  venous  blood  has  a  higher  temperature  than  the 
arterial.  It  must  be  remembered,  however,  that  although  the  organi 
above  mentioned  are  the  chief  heat-producing  parts  of  the  body,  all 
living  tissues  contribute  their  quota,  and  this  in  direct  proportion  to 
their  activity.  The  blood  itself  is  also  the  seat  of  metabolism,  and, 
therefore,  of  the  production  of  heat;  but  the  share  which  it  takes  in 
this  respect,  apart  from  the  tissues  in  which  it  circulates,  is  very  incon- 
siderable. There  are  two  other  means  by  which  the  heat  produced  by 
metabolism  of  the  tissues  is  added  to  in  slight  degree,  viz.,  by  friction, 
i,e,y  in  the  movements  of  muscles,  in  the  circulation  of  blood,  and  else- 
where. This  contributes  a  slight  but  undetermined  amount  of  heat, 
and  by  the  taking  in  of  warm  foods,  solid  or  liquid,  a  further  small 
amount  of  heat  is  at  the  same  time  acquired. 

Regulation   of  the  Temperature  of  the  Human    Body. 

The  average  temperature  of  the  body  is  maintained  under  different 
conditions  of  external  circumstances  by  mechanisms  which  i>ermit  of 
(I)  variation  in  the  loss  of  heat,  and  ("2)  variations  in  the  production  of 
heat.  In  healthy  warm-blooded  animals  the  loss  and  gain  of  heat  are  so 
nearly  balanced  one  by  the  other  that,  under  all  ordinary  circumstances, 
an  uniform  temperature,  within  a  degree  or  two,  is  preserved. 

Variation  in  the  Loss  of  Heat. — The  loss  of  heat  from  the  human 
body  is  principally  regulated  by  the  amount  given  off  (1)  by  radiation 
and  conduction  from  its  surface,  and  by  means  of  the  (2)  constant  evajK)- 
ration  of  water  from  the  same  part,  heat  being  thus  rendered  latent,  and 
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to  a  much  less  degree  (3)  from  the  air- passages;  in  each  act  of  respira- 
tion, heat  is  logt  to  a  greater  or  less  extent  according  to  the  temperature 
of  the  atmosphere;  unless  indeed  the  temperature  of  the  surrounding 
air  exceeii  that  of  the  blood.  We  must  remember  too  that  (4)  all  food 
and  drink  which  enter  the  body  at  a  lower  temperature  than  itself  ab- 
stract a  small  measure  of  heat;  (5)  while  the  urine  and  faeces  which 
leave  the  body  at  about  its  own  temperature  are  also  means  by  which  a 
small  amount  is  lost. 

(a.)  From  tlw  Surface  of  the  Bndij, — By  far  the  most  important  loss 
of  heat  from  the  body, — probably  l^U  per  cent  and  upward  of  the  whole 
amount,  is  that  which  takes  place  byrudiatiou,  conduction,  and  evapora* 
tion  from  the  skin.  The  actual  figures  are  us  follows: — of  100  c^lorios 
of  heat  produced,  2.G  are  lost  in  heating  food  and  drink;  %(\  in  heating 
air  inspired;  14.7  in  evaporation;  and  80.1  by  radiation  and  conduction. 
The  means  by  which  the  skin  is  able  to  act  as  one  of  the  most  impor- 
tant organs  for  regulating  the  temperature  of  the  blood,  are — (1),  tliat 
it  offers  a  large  surface  for  radiation,  conduction,  and  evaporation;  (2), 
that  it  contains  a  large  amount  of  blood;  p),  that  the  quantity  of 
blood  contained  in  it  is  the  greater  under  those  circumstances  which 
demand  a  loss  of  heat  from  the  body,  and  vice  versiL  For  the  circum- 
Btanoe  which  directly  determines  the  quantity  of  blood  in  the  skin,  is 
that  which  governs  the  supply  of  blood  to  all  the  tissues  and  organs  of 
the  body,  namely,  the  power  of  the  vaso-moior  nerves  to  cause  a  greater 
or  leas  tension  of  the  muscular  element  in  the  walls  of  the  arteries,  and, 
in  correspondence  with  this,  a  lessening  or  increase  of  the  calibre  of 
the  vessel,  accompanied  by  a  less  or  greater  current  of  blood.  A  warm 
or  hot  atmosphere  so  acts  on  the  nerve  fibres  of  the  skin,  as  to  lead 
them  to  cause  in  turn  a  relaxation  of  the  muscular  fibre  of  the  blood- 
vessels; and,  as  a  result,  the  skin  becomes  full-blooded,  hot,  and  sweat- 
ing; and  much  heat  is  lost.  With  a  low  temperature,  on  the  other 
hand,  the  blood- vessels  shrink,  and  in  accordance  with  the  consequently 
diminished  blood-supply,  the  skin  becomes  pale,  and  cold,  and  dry;  and 
no  doubt  a  similar  effect  may  be  produced  through  tho  vasomotor  cen- 
tre in  the  medulla  and  spinal  cord.  Thus,  by  means  of  a  self -regulating 
apparatus,  the  skin  becomes  the  most  important  of  the  means  by  which 
the  temperature  of  the  body  is  regulated. 

In  connection  with  loss  of  heat  by  the  skin,  reference  has  been  made 
to  that  which  occurs  both  by  radiation  and  conduction,  and  by  evapora- 
tion; and  tho  subject  of  animal  heat  hiis  been  considered  almost  solely 
with  regard  to  tho  ordinary  case  of  man  living  in  a  medium  colder  than 
his  body,  and  therefore  losing  heat  in  all  the  ways  mentioned.  The 
importance  of  the  means  however,  adopted,  so  to  speak,  by  the  skin  for 
regulating  the  temperature  of  the  body,  will  depend  on  the  conditions 
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by  which  it  is  surrounded;  an  inverse  proportion  existing  in  moit  ou^ 
between  a  loss  by  radiation  and  coudnetiou  on  the  one  hand,  and  bj 
evaporation  on  the  other.  Indeed,  the  small  loss  of  beat  by  evaporation 
in  cold  climates  may  go  far  to  compensate  for  the  greater  loss  by  radu^ 
tion;  as,  on  the  other  bund,  the  great  amount  of  fluid  evaporated  in 
hot  air  may  remove  nearly  as  much  beat  as  is  commonly  lost  by  both 
radiation  and  evaporation  together  in  ordinary  temperatures;  and  thai, 
it  is  possible  that  the  quantities  of  heat  required  for  the  maintenjiiice  of 
a  uniform  proper  temperature  in  various  climates  and  seaaona  are  mi 
fio  different  as  they,  at  iirst  sigbt,  seem. 

Many  examples  may  be  given  of  the  power  which  Vie  body  poascBsei  of  rmiH- 
ing  tlie  effects  of  a  high  iemperataix,  in  virtue  of  evaporation  from  the  akm 
Blagden  and  others  supported  a  temperature  varying  between  flS'^-lOO'  C 
(108-212  F.)  ID  dry  air  for  several  minutes;  and  in  a  Bubse<juent  experiment 
he  remained  eight  minutes  in  a  temperature  of  VMS^  C.  (260"  F.),  •The 
workmen  of  Sir  F.  Chantrey  were  accustomed  t*>  enter  a  furnace,  in  which 
his  moulds  were  diied,  while  the  flonr  was  rod -hot,  and  a  thermometer  in  thf 
air  Btood  at  177.8  C.  {350'  F. ),  and  Chabert,  the  fire-king,  was  tn  the  habit  of 
entering  an  oven,  the  temperature  of  which  was  from  305''-315'*  C.  (40Q'-W 
F.)  "     (Carpenter) 

But  such  heat^  are  not  tolerable  when  the  air  is  moist  as  well  as  hot,  so. 
as  to  prevent  evaporation  from  th^  Ixxly*  C,  James  states,  that  in  the  vapor 
hatha  of  Nero  he  was  ahnost  BufTocated  in  a  tc^niperatore  of  44.  *1'  C,  (112°  F. 
while  in  the  caves  of  Testaccio,  in  which  the  air  is  dry,  he  was  but  littJt' 
incommoded  by  ii  temperature  of  80"  C.  (170"  F,).  In  the  former,  evaporation 
from  the  skin  was  imfJOSHihle  ;  in  the  latter  it  was  abundant,  and  the  kyer 
of  vapor  which  would  rise  from  all  the  surface  of  the  body  would,  by  its  very 
8lowly  conducting  power,  defend  it  for  a  time  from  the  full  action  of  the 
ternal  heat* 

We  are  able  by  suitable  clothing  toiucneaee  or  to  diminish  the  ami 
of  heat  lost  by  the  skin. 

The  ways  by  which  the  skin  may  be  rendered  more  efficient  as  a  oSSi 
ing-apparatus  too,  by  exposure,  by  baths,  uud  by  other  means  whick' 
man  instinctively  adopts  for  lowering  hia  temperature  when  necessary^ 
are  too  well  known  to  need  more  than  paaaing  mention.  j 

Although  imder  any  ordinary  circumstances  the  external  application  of' 
cold  only  temporarily  depresses  the  temperature  to  a  slight  extent^  it  is  other- 
wise in  cases  of  high  tempertiture  in  fever.  In  thest*  cases  a  tepid  bath  may 
reduce  the  temj^erature  several  degrees,  and  the  effect  so  produced  last  in 
some  cases  for  manv  hours. 


{h)  From  the  Lungs. — As  a  means  for  lowering  the  temperature,  t 
lungs  and  air-passages  are  very  inferior  to  the  skin;  although,  by  givinj 
heat  to  the  air  we  breathe,  they  stand  next  to  the  skin  lu  important 
As  a  regulating  power,  the  inferiority  is  still  more  marked.     The  air 
which  is  expelled  from  the  lunga  leaves  the  body  at  about  the  tempera- 
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tur©  of  the  blood,  and  ia  always  saturated  with  moisture.  No  inverse 
proportion,  therefore,  exists,  as  in  the  case  of  the  akin^  between  the  I068 
of  heat  by  radiation  and  conduction  on  the  one  hand,  and  by  evaporation 
on  the  other.  The  colder  the  air,  for  example,  the  gi'eator  will  be  the 
loss  iu  all  ways.  Neither  is  the  rjuautity  of  blood  which  is  exposed  to 
the  cooling  influence  of  the  air  dimiuished  or  increased,  so  far  as  is 
known,  in  accordance  with  any  need  in  relation  to  temperature.  It  is 
true  that  by  varying  the  number  and  depth  of  the  respirations,  the 
quantity  of  heat  given  otf  by  the  lungs  may  be  made,  to  some  extent, 
to  vary  also.  But  the  respiratory  passages,  while  they  must  be  considered 
important  means  by  which  heat  is  lost,  are  altogether  subordinate,  in 
the  power  of  regulating  the  temperature,  to  the  skiu. 

(c)  By  Warming  Cold  Footh, — This  is  an  obvious  method  of  expend i- 
ture  of  heat  which  may  be  resorted  to,  but  the  loss  of  heat  by  the  excreta 
discharged  from  the  body  at  a  hiifh  temperature,  must  be  of  little  use  as 
a  means  of  regulating  the  temperature,  since  the  amount  so  lost  must  be 
capable  of  little  variation. 

Variation  in  the  Production  of  Heat. — It  may  seem  to  have  been 
assumed,  in  the  foregoing  pages,  tliat  the  only  regulating  apparatus  for 
temperature  required  by  the  human  body  ia  one  that  shall,  more  or  less, 
produce  a  cooling  effect;  and  as  if  the  amount  of  heat  produced  were 
always,  therefore,  in  excess  of  that  wlHch  is  required.  Such  au  assump- 
tion would  be  incorrect.  We  have  the  power  of  regulating  the  produc- 
tion of  heat,  as  well  as  its  loss. 

The  regulation  of  the  production  of  lieat  in  the  body  is  apparently 
different  for  each  animal,  as  the  absolute  amount  of  heat  set  free  by 
different  animals  in  a  given  period  varies;  in  one  the  production  of  heat 
exceeds  that  in  another.  It  is  even  said  that  each  individual  has  hia 
own  coefficient  of  heat  production.  BVom  all  that  has  been  said  on  the 
subject  it  will  Ijc  seen  that  the  amount  of  heat  for  all  practical  purposes 
depends  upon  the  metabolism  of  the  tissues  of  the  body,  everything 
therefore  which  increases  that  metabolism  will  increase  the  heat  produc- 
tion, so  therefore  the  absolute  amount  of  heat  produced  by  a  large 
animal,  having  a  larger  amount  of  tissues  in  which  metabolism  may  go 
on,  will  be,  cmteris  paribus,  greater  than  that  of  a  small  animal.  But  of 
course  the  activity  of  the  tissue  change  in  a  small  animal  may  be  greater 
than  in  a  large  one,  and  naturally  no  strict  line  can  bo  drawn  between 
the  two. 

The  ingestion  of  food  has  been  proved  to  increase  the  metabolism  of 
the  tissues,  and  bo,  as  one  would  expect,  the  rate  of  heat  production  is 
found  by  experiment  upon  the  dog  to  be  increased  alter  a  meal,  and 
in  this  animal  the  heat  production  reaches  its  height  about  6  to  9  hours 
after  a  meal. 
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It  has  also  been  experimentally  ascertained  that  the  rate  of  hm 
production  varies  somewhat  with  the  kind  of  food  taken,  for  example, 
if  sugar  be  added  to  the  meal  of  meat  given  to  the  dog,  the  height  of 
maximum  production  is  reached.  It  was  always  said  that  various  nations 
had  found  by  experience  what  food  was  most  suitable  for  the  climate  in 
which  they  lived,  and  that  such  experience  could  be  trusted  to  regulate 
the  quantity  consumed.  Although  there  have  been  no  very  conclusire 
experiments  to  prove  this  view,  yet  it  is  a  matter  of  general  observation 
that  in  northern  climates  and  in  colder  seasons  the  quantity  of  food 
taken  is  greater  than  in  warmer  climates  or  in  warmer  seasons.  Why 
the  inhabitants  of  the  coldest  climates  appear  to  require  a  large  propor- 
tion of  fats  in  their  diet  is  difiicult  to  understand,  but  such  is  the  case. 

In  exercise,  we  have  an  important  means  of  raising  the  temperature  of 
our  bodies,  by  it  the  muscular  metabolism  is  increased,  as  is  shown  by 
the  increased  output  of  carbon  dioxide. 

Influence  of  the  Nervous  System. — The  influence  of  the  nervons 
system  in  modifying  the  production  of  heat  must  be  very  important,  ai 
upon  nervous  influence  depends  the  amount  of  the  metabolism  of  the 
tissues.  The  experiments  and  observations  which  best  illustrate  it  are 
those  showing,  first,  that  when  the  supply  of  nervous  influence  to  a  part 
is  cut  oil,  the  temperature  of  that  part  after  a  time  falls  below  its  ordi- 
nary degree;  and,  secondly,  that  when  death  is  caused  by  severe  injury 
to,  or  removal  of,  the  nervous  centres,  the  temperature  of  the  body 
rapidly  falls,  even  though  arfilieial  respiration  be  performed,  the  circu- 
lation maintained,  and  to  all  appearance  the  ordinary  chemical  changes 
of  the  body  be  completely  effected.  It  has  been  repeatedly  noticed,  that 
after  division  of  the  nerves  of  a  limb  its  temperature  ultimately  falls; 
and  this  diminution  of  heat  has  been  remarked  still  more  plainly  in 
limbs  deprived  of  nervous  influence  by  paralysis. 

With  equal  certainty,  though  less  definitely,  the  influence  of  the 
nerv'ous  system  on  the  production  of  heat  is  shown  in  the  rapid  and 
momentary  increase  of  temperature,  sometimes  general,  at  other  times 
quite  local,  which  is  observed  in  states  of  nervous  excitement;  in  the 
general  increase  of  warmth  of  the  body,  excited  by  passions  of  the  mind ; 
in  the  sudden  rush  of  heat  to  the  face,  which  is  not  a  mere  sensation; 
and  in  the  equally  rapid  diminution  of  temperature  in  the  depressing 
passions.  All  of  these  examples,  however,  are  explicable,  on  the  suppo- 
sition that  the  nervous  system  alters,  by  its  power  of  controlling  the 
calibre  of  the  blood-vessels,  the  quantity  of  blood  supplied  to  a  part. 

Apart,  however,  from  this  vaso-motor  power  of  increasing  the  blood- 
supply  to  internal  organs,  and  to  the  tissues  in  general,  by  means  of 
which  it  is  possible  to  increase  their  metabolism  and  so  their  pro<luction 
of  heat,  there  is  evidence  to  suppose  that  there  is  another  nervous  appa- 
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%tuB  closely  comparable  to  that  whioh  regulates  the  secretion  of  saliva  or 
swetitt  by  means  of  which  the  production  of  heat  in  the  warm- 
looded  animals  is  increased  or  diniinisbed  as  oc  nasi  on  requires.  This 
;>paratu8  probably  consists  of  a  centre  which  may  be  reflexly  stimulated^ 
for  example  by  impulses  from  the  skin,  and  which  acts  through 
"cpecial  nerves  supplied  to  the  various  tissues.  The  evidence  upon 
which  the  existence  of  this  regulating  apparatus  depends  is  the  marked 
effect  in  the  increase  of  the  oxygen  taken  in  by  a  warm-blooded  animal 
when  ex]io8ed  to  cold  and  the  corresponding  increase  in  the  output  of 
carbon  dioxide,  indicating  that  there  is  an  increase  of  the  metabolism 
and  go  an  increased  production  of  heat,  under  such  olrcumstanees  and 
not  a  mere  diminution  of  the  amount  of  heat  lost  by  the  skin,  etc,  A  cold- 
blooded animal  reacts  very  dilTerently  to  exposure  to  cold ;  instead  of  iis  in 
the  case  of  the  warm-blooded  animal,  increasing  the  metabolism,  cold 
diminishes  the  metabolism  of  its  tissues.  It  appears  clear,  therefore, 
that  in  warm-blooded  animals  there  is  sonic  extra  apparatus  which 
oonnteractfi  the  effects  of  cold  which  iu  cold-blooded  animals  causes 
dimimahed  metabolism.  In  warm-blooded  animals  poisoned  by  nrari, 
or  in  which  section  of  the  bulb  has  l^een  done,  it  has  been  found  that 
this  regulating  apparatus  is  no  longer  in  action,  and  under  such  circum- 
stances no  difference  appears  to  exist  between  such  animals  and  those 
which  are  naturally  cold-blooded.  Warmth  increaj^es  their  temperature 
and  cold  lowers  it,  and  with  this  there  is  of  course  evidence  of  dimin- 
ishetl  metabolism.  The  explanation  of  these  experiments  as  given  by 
modern  phj'siologists  is  that  in  such  animals  the  counectiou  which  natu- 
rally exists  between  the  skin  and  the  mnscles  through  the  nervous  chain, 
such  as  a  thermotaxic  nervous  apparatus  might  Ikj  supposed  to  afford,  is 
broken  either  at  the  termination  of  the  nerves  in  the  muscles  or  at  the 
section  point  of  the  bulb.  The  position  of  this  hypothetical  centre  is  a 
matter  of  some  difference  of  opinion.  It  has  Ijeen  demonstrated  that 
stimulation  of  different  parts  of  the  brain  may,  among  other  symptoms, 
produce  increased  metiiholism  of  the  tissues  with  increased  output  of 
carbon  dioxide  and  a  raised  temperature:  the  parts  of  which  this  may  be 
aeeerted  are  parts  of  the  corpus  striatum  and  of  the  optic  thalamus. 
The  exact  situation  of  the  heat  centre,  however,  is  at  present  not  known 
with  certainty. 

Experimental  observations  sueli  as  have  been  made  upon  animals 
receive  confirmation  from  the  observations  of  patients  who  suffer  from 
fever  or  pyrexia;  in  them  the  temperature  of  the  body  may  l)e  raised 
several  degrees,  as  we  have  already  pointed  out  (p.  481*. )  This  increase 
of  temperature  might  of  course  be  due  to  diminished  loss  of  heat  from 
the  skin,  but  this  although  in  all  probability  entering  into  its  causation, 
is  not  the  only  cause.     The  amount  of  oxygen  taken  in  and  the  amount 
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of  carbon  dioxide  given  out  ai^  both  increased,  and  with  this  there 
be  increased  metabolism  of  the  tissues,  and  particularly  of  the  moaciiUr 
tissues,  since  at  the  same  time  the  amount  of    urea  in  the  urine  U 
increased.     Every  one  is  familiar  with  the  rapid  wasting  which  is  sach 
a  characteristic  of  high  fever;   it  must  indicate  not  only  too  rapid 
metabolism  of  the  body,  but  also  insufficient  time  for  the  tissues  to  build 
themselves  up.     In  fever  then  there  may  be  supposed  to  be  some  inter- 
ference in  the  ordinary  channel  by  which  the  skin  is  able  to  oonmmni- 
cate  to  the  nervous  system  the  necessity  of  an  increased  or  diminished 
production  of  heat  in  the  muscles  and  other  tissues.     In  consequence  of 
this,  and  in  spite  of  the  condition  of  heat  of  the  surface  of  the  body, 
the  production  of  heat  goes  on  at  an  abnormal  rate.     It  is  not  cerUin 
in  what  way  the  centre  acts,  whether  it  is  one  which    keeps  the  meti- 
bolism  in  check,  and  when  out  of  gear  it  is  no  longer  able  to  do  this,  or 
whether,  on  the  other  hand,  it  is  a  centre  by  means  of  which  the  me^ 
holism  of  the  tissues  may  be  increased  by  stimuli  proceeding  from  it 
Impulses  from  the  skin  would,  according  to  these  two  possible  modci 
of  action,  act  either  in  the  direction  of  increasing  its  inhibitory  action, 
or  in  the  direction  of  increasing  or  of  diminishing  the  different  stimoli 
causing  increased  production. 

Influence  of  Extreme  Heat  and  Cold.— In  connection  with  the 
regulation  of  animal  temperature,  and  its  maintenance  in  health  at  Q» 
normal  height,  may  be  noted  the  result  of  circumstances  too  powerfnl, 
either  in  raising  or  lowering  the  heat  of  the  body,  to  be  controlled  by  the 
proper  regulating  apparatus.  Walther  found  that  rabbits  and  dogs  kept 
exposed  to  a  hot  sun,  reached  a  temperature  of  40°  C.  (114.8°  F.),  and 
then  died.  Cases  of  sunstroke  furnish  us  with  several  examples  in 
the  case  of  man;  for  it  would  seem  that  here  death  ensues  chiefly  or 
solely  from  elevation  of  the  temperature. 

The  effect  of  mere  loss  of  bodily  temperature  in  man  is  less  well  known 
than  the  effect  of  heat.  From  experiments  by  Walther,  it  appears  that 
rabbits  can  be  cooled  down  to  8.9°  C.  (48°  F.),  before  they  die,  if  arti- 
ficial respiration  be  kept  up.  Cooled  down  to  17.8°  C.  (64°  F.),  they 
cannot  recover  unless  external  warmth  be  applied  together  with  the 
employment  of  artifical  respiration.  Rabbits  not  cooled  below  25°  C. 
(77°  F.)  recover  by  external  warmth  alone. 


CHAPTER  XIT. 

KUTRmON    AND    DIET. 

It  is  not  only  necessary  that  the  animal  body  should  be  supplied  with 
food  in  order  thsit  its  natural  functions  may  go  on  without  interrup- 
tion, but  it  is  also  equally  requisite  that  the  food  should  consist  of  proper 
materials.     It  may  be  supposed  that  e^ich  kind  of  arimal  by  instinct 
keeps  itself  supplied  with  the  substances  wliicli  supply  the  needs  of  its 
Lown  metabolism  the  best,  and  it  is  a  matter  of  every-day  experience  that 
[in  the  case  of  man,  each  endeavors  to  supply  himself  with  food  accord^ 
ing  to  the  circumstances  of  his  surroundings.     We  may  therefore  accept 
L^ueli  data  as  we  can  obtain  from  the  observation  of  numerous  examples 
[of  such  selection  in  the  way  of  diet  when  we  are  in  the  act  of  drawing 
ip  a  diet-scale,  relying  upon  sueli  empiric  knowledge  alone,  or,  on  the 
ler  hand^  we  may  proceed  more  scieutifically^  and  endeavor  to  plan  a 
liet-Bcale  from  our  experimental  observation  of   the  loss  which  takes 
place  in  the  body  in  the  course  of  the  twenty-four  hours  by  the  excreta. 
If  we  do  this  we  iissume  that  the  fuod  is  taken  in  to  supply  what  is 
generally  called  the  waste  of  the  tissues.     The  term  is  scarcely  an  accu- 
rate one,  but  if  we  take  it  to  mean  in  a  restricted  sense,  what  the  tissues 
.  and  organs  of  the  body  give  out  to  be  eliminated  by  the  excretory  organs 
I  in  the  course  of  the  day,  we  may  eohtinue  to  use  it. 

The  food  then  may  be  supposed  as  ioteuded  to  supply  the  place  of 
that  which  is  given  out  by  t!ie  body.  But  in  the  choice  of  a  diet  this  is 
not  enough;  the  food  should  be  sufficient  to  supply  such  need  without 
waste  and  without  unduly  increasing  the  output  of  excreta,  while  at  the 
same  time  the  body  ahoukl  be  maintained  in  health,  without  increase 
or  loss  of  weight. 

These  requisites  of  a  diet  scale  then  allow  for  wide  alterations  in  the 
amount  of  different  kinds  of  foods  under  different  circumstances. 

Careful  analyses  of  the  excreta,  many  of  which  we  have  already  had 
occasion  to  call  attention  to,  show  that  they  are  made  up,  besides  water, 
chiefly  of  the  chemical  elements  carbon,  hydrogen,  oxygen,  and  nitrogen, 
but  that  they  also  contain,  to  a  less  extent,  sulphur,  pliosphorus,  chlorine, 
potassium,  sodium,  and  certain  other  of  the  elements.  Since  this  is  the 
case  it  must  be  evident  that  to  balance  this  waste,  foods  must  be  supplied 
containing  all  these  elements  to  a  certain  degree,  but  some  of  them,  viz., 
those  which  take  a  principal  part  in  forming  the  excreta,  in  large  amount- 
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Of  the  excreta  the  carbon  dioxide  and  ammonia,  which  are  made  up 
of  the  elements  carbon,  oxygen,  nitrogen,  hydrogen,  are  given  off 
from  the  hmgs.  By  the  urine  many  elements  are  eliminated  from  the 
blood,  especially  nitrogen,  hydrogen,  and  oxygen.  In  the  sweat,  the 
elements  chiefly  represented  are  carbon,  hydrogen,  and  oxygen,  and 
these  are  also  those  of  which  the  faeces  are  made.  By  all  the  excretions 
large  quantities  of  water  are  got  rid  of  daily,  but  chiefly  by  the  urine. 

The  relations  between  the  amounts  of  the  chief  elements  contained 
in  these  various  excreta  in  twenty-four  hours  maybe  thus  summarized :~ 


Wat«r. 

C. 

H. 

N 

0. 

By  thA  Inngfl 

830 

660 

1700 

128 

248.8 
2.6 
9.8 
20. 

281.2 

3.3 
3. 

? 

15.8 
3. 

651.1.1 

By  the  skin 

7.2 

By  the  urine 

11.1 

By  the  faeces 

11 

Grammes 

2818 

6.3 

18.8 

681.41 

From  this  should  be  subtracted  the  296  grms.  water,  which  are  pro- 
duced by  the  union  of  hydrogen  and  oxygen  in  the  body  during  the 
process  of  oxidation  (/.  e.,  33  hydrogen  and  262  oxygen).  There  are 20 
grms.  of  salts  got  rid  of  by  the  urine,  and  6  by  the  faeces;  total, 
32  grms. 

The  quantity  of  carbon  daily  lost  from  the  body  amounts  to  about 
281.2  grms.   (nearly  4,500  grains),  and  of  nitrogen  18.8  grms.  (nearly 
300  grains),  and  if  a  man  could  be  fed  by  these  elements,  as  such,  the 
problem  would  bo  a  very  simple  one;  a  corresponding  weight  of  char- 
coal and,  allowing  for  the  oxygen  in  it,  of  atmospheric  air,  would  be  all 
that  is  necessary.     But  an  animal  can  live  only  upon  these  elements 
when  they  are  arranged  in  a  particular  manner  with  others,  in  the  form 
of  such  food-stuffs  as  we  have  already  enumerated,  p.  285  el  seq, ;  more- 
over, the  relative  proportion  of  carbon  to  nitrogen  in  either  of  these 
compounds  alone  is,  by  no  means,  the  proportion  required  in  the  diet 
of  man.     Thus,    in    proteid,  the  proportion  of    carbon    to    nitrogen 
is  only  as  3.5  to  1.     If,  therefore,  a  man  took  into  his  body,  as  food, 
suflBcient  proteid  to  supply  him  with  the  needful  amount  of  carbon,  he 
would  receive  more  than  four  times  as  much  nitrogen  as  he  wanted; 
and  if  he  took  only  sufficient  to  supply  him  with  nitrogen,  he  would  be 
starved  for  want  of  carbon.     It  is  plain,  therefore,  that  he  should  take 
with  the  albuminous  part  of  his  food,  which  contains  so  large  a  relative 
amount  of  nitrogen  in  proportion  to  the  carbon  he  needs,  substances  in 
which  the  nitrogen  exists  in  much  smaller  quantities  relatively  to  the 
carbon. 
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It  18  therefore  evident  tlmt  the  diet  mast  consist  of  several  substano^ 
not  of  one  alone. 

Many  valuable  observations  hav-e  been  made  with  a  view  of  ascertain- 
ing  the  effect  upon  the  metabolism  of  a  variation  in  the  amount  and 
nature  of  food.  These  are  of  great  aaaistance  in  the  consideration  of 
dietetics. 

Effects  of  Deprivation  of  FomL — The  animal  IkkIj  deprived  of  all  food 
in  the  course  of  a  variable  time  dies  from  starvation.  The  length  of 
time  that  any  given  animal  will  live  in  such  a  condition  depends  upon 
many  circumstances;  tho  chief  may  be  supposed  to  be  the  nature  and 
activity  of  the  metal>olism  of  its  tissues. 

The  effect  of  star mt ion  on  tlie  lower  animals,  as  recoi*ded  by  various 
experimenters  is: — (1.)  One  of  the  most  notable  effects  of  starvation,  as 
might  be  expected,  is  loss  of  ireifjht ;  the  loss  being  greatest  at  first,  as  a 
rule,  but  afterward  not  varying  very  much,  day  by  day,  until  death 
ensues.  Chossat  found  that  the  ultimate  proportional  loss  was,  in  dif- 
ferent animals  experimented  on,  almost  exactly  the  same;  death  occur- 
ring when  the  body  had  \mt  two- fifths  (forty  per  cent)  of  its  original 
weight.  Different  parts  of  the  body  lose  weight  in  very  different  pro* 
portions.  The  following  most  noteworthy  losses  are  taken,  in  round 
numbers,  from  the  table  given  by  Chossat: — 


Fat 

Blood      . 
Spleen 
Paocreas 


loses  93  per  cent, 
.     75 
71 
.     64 


Liver 
MuBcles 
Nervous  tissues 


loses  53  per  cent. 

48 
.       3 


These  figures  are  in  practical  agreement  with  those  of  later  experi- 
menters* They  show  that  the  chief  losses  are  sustained  by  the  adipose 
tissue,  the  muscles  and  glands. 

(2.)  The  effect  of  starvation  on  the  trmperatifre  of  the  various  ani- 
mals experimente<l  on  by  Chossat  was  very  distinct.  For  some  time  the 
variation  in  the  daily  temperature  was  more  marked  than  its  absolute 
and  continuous  tliminution,  the  daily  fluctuation  amounting  toS^C  (5"  or 
6^  F.),  instead  of  5^  to  V  C.  {r  or  i^  F.),  aa  in  health.  But  a  short  time 
before  death,  the  temperature  fell  very  rapidly,  and  death  ensued  when  the 
loss  had  amounted  to  about  IG.2'^  C.  (30'  F.).  It  has  l)een  often  said, 
and  with  truth,  although  the  statement  requires  some  qualification,  that 
death  by  starvation  is  really  death  from  want  of  heat;  for  not  only  has  it 
been  found  that  differences  of  time  with  regard  to  tlie  ijcrioii  of  the  fatal  re- 
fult  are  attended  by  the  aame  ultimate  loss  of  heat,  but  the  effect  of  the 
application  of  external  warmth  to  animals  cold  and  dying  from  starvation, 
is  more  effectual  in  reviving  them  than  the  administration  of  food. 

The  sipnptoms  produced  by  starvation  in  the  human  subject  are  hun- 
ger, accompanied,  or  it  may  be  replaced,  by  pain,  referred  to  the  region 
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of  the  stomach;  iusatiiible  thirst;  sleeplessness;  general  weaknea  anj  I 
emaciatioD.     Tho  exhalations  both  from  the  lungs  and  skin  are  fa^tid,  \ 
indicating  the  tendency  to  decomposition  which  belongs  to  badly  nour- 
islxed  tissues;  and  death  occurs,  sometimes  after  the  additional  exhaustion 
caused  by  diarrhoea,  often  with  symptoms  of  nervous  disordesr,  deliiiTim 
or  convulsious. 

In  the  human  snbject  death  commonly  occurs  within  six  to  ten  davi 
after  total  deprivation  of  food.  But  this  period  maybe  considerablj 
prolonged  by  taking  a  very  small  quantity  of  food,  or  even  water  anlj. 
The  cases  so  frequently  related  of  survival  after  many  days,  or  even  aome 
weeks,  of  abstinence,  have  been  duo  either  to  the  last-mentioned  circam- 
stances,  or  to  others  no  less  effectual,  which  prevented  the  loss  of  hM 
and  moisture.  Cases  in  which  life  has  continued  after  total  abstinenoe 
from  food  and  drink  for  many  weeks,  or  months,  exist  only  in  the  inm^- 
ination  of  the  vulgar. 

(3.)  During  the  starvation  period  the  excreta  diminish.  The  urea, 
as  representing  the  nitrogen,  falls  quickly  in  amount,  reaches  a  mini- 
mum and  remains  constant  at  this  point  for  several  days,  and  then  ri^e* 
again  and  finally  falls  rapidly  immediately  before  death;  the  sulphAt« 
and  phosphates  undergo  much  the  same  form  of  reduction.  The  carbon 
dioxide  given  out  and  the  oxygen  taken  in  diminish.  The  faeces  dimin- 
ish, as  well  as  the  bile.  It  has  been  concluded  as  highly  probable  Um 
the  greater  part  of  tlie  urea  represents  the  loss  of  weight  of  the  muscles. 

The  appearances  presented  after  death  from  starvation  are  those  of 
general  wjisting  and  bloodlessness,  the  latter  condition  being  least  notice- 
able in  the  brain.  The  stomach  and  intestines  are  empty  and  contracteil, 
and  the  walls  of  the  latter  appear  remarkably  thinned  and  almost  tran«*: 
parent.  The  various  secretions  are  scanty  or  absent,  with  the  exception 
of  the  bile,  which,  not  being  discharged,  usually  Jills  the  g&ll-bladder. 
AU  parts  of  the  body  readily  decompose. 

In  starvation,  theu,  we  see  that  the  only  income  consists  of  the  in* 
spired  oxygen.  The  whole  of  the  energy  of  the  body  given  out  in  the 
direction  of  heat  and  mechanical  labor  is  obtained  at  the  exiiense  of  the 
using  up  of  its  own  tissues,  tlicre  being  as  a  result  a  constant  drain  of 
the  nitrogen  and  carbon,  not  to  mention  the  other  elements  of  which 
they  are  made  up.  It  is  obvious  that  such  a  condition  cannot  be  en 
dured  for  any  length  of  time. 

Effect  of  a  Proieul  i?/r^  ^Experiments  have  been  made,  to  a  csonsidef'^ 
able  extent  upon  dogs,  which  demonstrate  the  effect  of  proteid  fo 
After  a  period  without  food,  during  which  the  output  of  niti"ogen, 
shown  by  the  urea,  bad  diminished  to  a  certain  amount,  the  animal 
fed  with  a  diet  of  lean  meat  which  would  suffice  to  produce  the  amoni 
of  urea,  and  so  of  flesh,  which  it  had  been  losing  during  its  starratio 
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"period.  The  effect  of  this,  however,  is  at  onco  to  sent!  up  the  amount 
of  urea  excreted  to  a  point  above  that  wliich  it  ha^  been  previous  to  the 
commeDcement  of  iU  fleeh  diet,  so  that  again  the  output  of  nitrogen 
would  exceed  it«  income,  and  the  weight  of  the  animal  wonld  continue 
slowly  to  diminish.  It  is  only  after  a  considerable  increase  of  the  flesh 
given  that  a  point  is  reached  where  the  income  and  expenditure  are 
equal,  and  at  which  the  animal  is  not  using  up  quickly  or  slowly  the 
nitrogen  of  his  ow^n  tisssue,  and  is  no  longer  losing  flesh*  This  condition 
in  which  the  nitrogen  of  the  egesta  equala  the  nitrogen  of  the  ingesta  is 
known  as  uitroffeHons  fqittlii/num.  In  the  dog,  according  to  Waller,  it 
does  not  occur  until  the  amount  of  flesh  of  the  food  is  over  three  times 
aa  great  as  would  be  necefisary  to  supply  the  nitrogen  of  the  urea  during 
a  period  of  starvation.  Thus  a  ilog  excretes  during  a  starvation  period 
0.5  grms.  of  urea  per  kilo  of  body  weight;  in  order  to  sjitisfy  this  it 
would  be  necessary  to  administer  1,-5  grms.  per  kilo  of  meat;  this  at 
once  increases  urea  excreted  to  about  0.75  grms.  per  kilo  of  body  weighty 
and  nitrogenous  equilibrium  is  not  attained  until  over  three  times — ^viz., 
5  grma.  per  kilo  of  hotly  weight  of  meat  is  given.  Foster  gives  even  a 
larger  figure.  The  effeet,  therefore,  of  proteid  food  is  largely  to  increase 
the  excretion  of  urea,  which  indicates  increase  of  the  metabolism  of  the 
tissues. 

It  must  not  be  thought  however  that  during  nitrogenous  equilibrium 
there  is,  of  necessity,  equilibrium  of  earbou.  On  tlie  contrary,  it  is  very 
possible  that  the  carbon,  as  supplied  by  the  largo  amount  of  meat,  is  not 
entirely  eliminated,  but  may  be  partially  retained  in  the  body.  If  re- 
tained in  the  body  it  is  probably  retained  in  the  form  of  fat,  although 
possibly  it  might  l>e  retained  partially  as  some  carbohydrate,  e,ff,y  gly- 
cogen; but  the  amount  of  glycogen  obtained  from  the  body  is  too  small 
for  the  latter  to  be  appreciable.  The  animal  in  nitrogenous  equilib- 
rium, therefore,  may  gain  weight,  aJthough  not  in  the  form  of  flesh. 
The  converse  may  also  be  the  case,  the  aninud  getting  rid  of  more  carbon 
than  the  meat  supplies,  in  which  case  he  would  lose  weight  but  would 
not  lose  flesh. 

The  proteids  of  food  are  described  by  Foster  aa  having  two  relations 
to  the  proteid  metabolism  and  to  outgoing  urea;  the  flrst  part  going  to 
maintain  the  ordinary  and  quiet  metabolism  of  the  tissues,  for  which 
purpose  it  is  actually  built  up  into  their  niolecule,  and  the  second  part 
causing  a  more  rapid  formation  of  urea  and  rapid  proteid  metabolism, 
but  never  forming  a  part  of  the  actual  protoplasmic  molecule-  The 
former  proteids  are  called  mofphoiic  or  tissue  proteids,  the  latter  f.-ircn- 
lafimj  op  fotdiiuj  proteids,  A  method  by  which  the  hitter  may  be 
changed  into  urea  has  already  been  suggested,  viz.,  that  they  are  con- 
verted into  leucin  and  tyrosin,  carried  to  the  liver  and  converted  into 


■ 


504  HANDBOOK   OF   PHYSIOLOGY. 

urea.  This  use  of  the  proteids  to  form  by  their  oxidation  heat  and  not 
to  produce  tissue,  was  looked  upon  by  the  older  physiologists  as  a  waste- 
ful use  of  good  material,  and  was  called  a  luxus  consumption. 

The  condition  of  nitrogenous  equilibrium  {i.e.j  the  income  and  out- 
put being  equal)  is  one  which  may  bo  maintained  even  if  the  amount  of 
proteid  taken  as  diet  far  exceeds  the  necessities  of  the  economy,  the  oiet 
being  excreted  in  excessive  amount,  and  the  wasteful  use  of  proteid  food 
which  is  so  common  may  not  be  attended  with  harmful  conaequencei, 
so  long  as  the  liver  is  able  to  do  its  work  in  the  formation  of  area.  The 
body  may  or  may  not  increase  in  weight,  but  if  the  liver  strikes  work 
from  any  cause,  a  condition  of  lithiasis,  or  of  gout,  follows. 

We  have  before  had  occasion  to  remark  that  many  physiologists  think 
that  the  quicker  and  shorter  series  of  changes  of  proteid  into  nrea,  bj 
way  of  leucin  and  tyrosin,  only  comes  into  force  when  the  food  contaiu 
an  excess  of  proteid. 

It  has  not  actually  been  proved,  but  it  is  not  unlikely,  that  even  in 
the  condition  of  lithiasis,  the  nitrogen  of  the  ingesta  may  not  greatlj 
exceed  that  of  the  egesta,  but  that  the  mode  of  elimination  is  different 
It  is  only  in  cases  of  growth  or  putting  on  of  flesh,  as  in  growing  chil- 
dren, that  nitrogen  is  retained  in  the  body,  except  to  a  very  small  amount, 
in  health. 

According  to  calculations  which  have  been  made,  it  appears  thit 
the  body  puts  on  thirty  grammes  of  flesh  for  every  gramme  of  nitrogen 
so  retained. 

As  regards  the  retention  of  carbon  in  the  body,  it  is  calculated  that 
one  gramme  and  a  half  of  weight  is  put  on  for  each  gramme  by  which 
the  ingesta  of  carbon  is  greater  than  the  egesta. 

Effects  of  Fats  and  Carbohydrates  as  Food, — Experiments  illustrating 
the  ill-effects  produced  by  feeding  animals  upon  one  or  two  alimentary 
substances  only  have  been  often  performed. 

Dogs  were  fed  exclusively  on  sugar  and  distilled  water.  During  the 
first  seven  or  eight  days  they  were  brisk  and  active,  and  took  their  food 
and  drink  as  usual ;  but  in  the  course  of  the  second  week  they  began  to 
get  thin,  although  their  appetite  continued  good,  and  they  took  daily 
between  six  and  eight  ounces  of  sugar.  *  The  emaciation  increased  during 
the  third  week,  and  they  became  feeble,  and  lost  their  activity  and  ap- 
petite. At  the  same  time  an  ulcer  formed  on  each  cornea,  followed  by 
an  escape  of  the  humors  of  the  eye :  this  took  place  in  repeated  experi- 
ments. The  animals  still  continued  to  eat  three  or  four  ounces  of  sugar 
daily;  but  became  at  length  so  feeble  as  to  be  incapable  of  motion,  and 
died  on  a  day  varying  from  the  thirty-first  to  the  thirty-fourth.  On  dis- 
section their  bodies  presented  all  the  appearances  produced  by  death  from 
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^HBiration;  indeed^  dogs  will  live  almost  the  same  length  of  time  without 
^Pl^  food  at  all, 

H  When  dogs  were  fed  exclusively  on  gvm^  results  almost  similar  to  the 
Habove  ensued.  When  they  wore  kept  on  olire-oi!  and  trfttc?\  all  the 
B^henomena  prodacod  were  the  same,  except  tiuit  no  ulceration  of  the 
Bcornea  took  place;  the  effects  were  also  the  same  with  butter.  The  ex- 
H|ierimentg  of  Chossat  and  Letellier  prove  tlie  same;  and  in  men,  the 
"«ame  is  shown  by  the  various  diiieases  to  which  those  who  consume  but 
little  nitrogenous  food  are  liable,  and  especiaJly  hy  the  affection  of  the 
cornea  which  is  oljserved  in  Hindus  fecdiuj^  ahnost  exclusively  on  rice. 

I  But  it  is  not  only  the  non-nitrogenous  substances  winch,  taken  id  one, 
IRre  insufficient  for  the  maintenance  of  health.  The  experiments  of  the 
Academies  of  France  and  Amsterdam  were  equally  conclusive  ihni  ffekftin 
Iplone  soon  ceases  to  be  nntritivc. 
f  Effect  of  too  much  Food, — All  the  three  classes  of  food-stuffs  men- 
tioned^— fats,  oarkjhydrates  and  gelatin — have  their  distinct  uses  when 
combined  with  proteids.  A  small  amount  of  fat  or  a  larger  amount  of 
carbohydrate  (starch  or  sugar)  added  to  some  proteid  diminishes  the 
amount  of  proteid  required  before  nitrogenous  equilibrium  is  attained 
(in  a  dog  to  the  extent  of  50  per  center  more),  hut  if  either  fat  or 
carbohydrate  exceed  a  certain  minimum  it  is  retained  in  the  body  as  fat* 
If  til e  proteid  be  increased,  the  metal>olism  is  increased  likewise,  and  so 
fat  may  not  be  deposited,  even  if  the  carbohydrate  of  the  diet  be  exces- 
sive. It  is  even  possible  that  some  of  the  already  stored-up  fat  may  be 
used  up,  and  so  loss  of  weight  {fat)  might  result. 

Persistent  excess  of  carbohydrate  food  produces  an  accumulation  of 
fat,  which  may  not  only  be  an  inconvenience  causing  obesity,  but  may 
interfere  with  the  proper  nuiritinn  of  musclei?,  and  ii  feebleness  of  the 
action  of  the  heart,  with  other  troubles.  Starches  when  taken  in  great 
excess  are  almost  certain  to  give  rise  to  dyspepsia,  with  acidity  and  flat- 
ulence. Excess  of  starch  or  of  sugar  in  the  food  may,  however,  be  got 
»rid  of  by  the  urine  in  the  form  of  sugar.  There  is  evidently  a  limit  to 
the  abeorption  of  fat  as  well  as  of  starch,  since  if  in  excessive  amount 
they  may  appear  in  the  fncccs. 

Gehlhi  may  in  part  replace  the  proteid  of  fowl,  and  may  be  econom- 
ically used  with  proteid  to  produce  nitrogenous  equilibrium.  It  has 
been  suggested  that  gelatin  will  take  the  place,  as  it  were,  of  the  floating, 
but  not  of  the  morpbotic  proteid 8. 

Peptones  or  Proteose  may,according  to  some,  take  the  place  of  proteids 
food,  whereaa,  according  to  others,  they  act  simjily  in  the  same  way 
[  gelatin. 
That  salts  are  necessary  as  food  is  proved  by  t!ie  presence  of  scurvy 
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when  they  are  not  present,  and  we  know  that  there  is  a  consant  excre- 
tion of  chlorides,  phosphates  and  sulphates  in  the  urine,  so  that  in  order 
to  balance  the  income  and  output,  these  salts  in  combination  with 
sodium,  potassium,  calcium,  etc.,  must  be  t^ken  in. 

The  necessity  for  the  taking  in  of  water^  in  order  to  balance  the  er 
cretion,  is  sufficiently  obvious. 

To  summarize  what  has  been  said: — 

Proteid, — i.  If  the  nitrogen  of  the  income  is  less  than  that  of  the 
output,  the  animal  loses  flesh  and  starves,  gradually  or  quickly,  accord- 
ing to  the  extent  of  the  deficiency. 

ii.  If  the  nitrogen  of  the  income  be  evenly  balanced,  the  proteid 
being  only  just  sufficient,  the  animal  does  not  lose  flesh,  but  may  increaee 
or  diminish  in  weight  (fat). 

iii.  If  the  nitrogen  of  the  ingesta  exceed  that  of  the  egesta,  the  ex- 
cess is  mainly  retained  in  the  form  of  flesh. 

iv.  If  the  proteid  be  in  great  excess,  although  there  be  a  condition 
of  nitrogenous  equilibrium,  there  may  be  increase  in  weight,  but  also  i 
likelihood  of  gout  and  similar  affections. 

Fatiy  and  Carbohydrate  Foods  are  of  no  use  either  together  or  sepa- 
rately without  the  addition  of  the  other  food-stuffs.  In  moderation, 
either  may  diminish  the  amount  of  proteid  necessary  to  produce  nitro- 
genous equilibrium.  If  the  quantity  of  either  be  increased  beyond  a 
certain  amount,  it  is  retained  in  the  body  in  form  of  fat  (and  partly, 
perhaps,  in  the  case  of  the  carbohydrate,  as  glycogen).  If  in  great  ex- 
cess, disorders  of  digestion  occur.  Fats  have  more  potential  energy  than 
carbohydrates,  but  are  less  digestible.  Fatty  foods  need  more  oxygen 
than  carbohydrates  when  they  are  used  up  in  the  body. 

Gelatin  will  not  entirely,  but  will  partly  replace  the  proteid  in  a  diet. 

Peptones  and  Proteoses  will  in  part  replace  proteids. 

Salts  of  sodium,  potassium,  calcium,  etc.,  are  necessary  in  food. 
The  chlorides,  phosphates  and  sulphates,  and  possibly  the  citrates,  being 
the  most  important  of  those  required. 

Water  is  absolutely  essential  to  life — an  animal  will  not  survive 
deprivation  for  longer  than  a  few  days. 

Requisites  of  a  Normal  Diet. 

It  will  have  been  understood  that  it  is  necessary  that  a  normal  diet 
should  be  be  made  up  of  various  articles,  that  they  should  be  well  cooked, 
and  that  they  should  contain  about  the  same  amount  of  carbon  and  ni- 
trogen as  are  got  rid  of  by  the  excreta.  No  doubt  these  desiderata  may 
be  satisfied  in  many  ways,  and  it  would  be  unreasonable  to  expect  the 
diet  of  every  adult  to  be  unvarying.     The  age,  sex,  strength,  and  cir- 
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taoces  of  each  indivitlual  must  uitimatoly  determine  what  he  takes 
A  dinner  of  bread  and  cheese  with  an  onion  contains  all  the 
aisites  for  a  meal,  but  such  diet  would  be  suitable  only  for  those  pos- 
ing strong  digestive  powers.  It  is  a  well-known  fa<.'t  that  the  diet 
pt  the  eonti nen tal  nations  ditlera  from  that  of  onr  own  country,,  and 
.t  of  oold  from  that  of  hot  climates,  but  the  mme  principle  underlies 
them  all,  vi^.,  the  replacement  of  the  loss  of  the  excreta  in  the  most 
onvenient  and  economical  way  possible.  Without  going  into  detail  in 
the  matter  here,  it  may  be  said  that  any  one  in  active  work  requires  more 
food  than  one  at  rest,  and  that  children  and  women  require  less  food 
than  do  adult  men. 

Of  the  various  diet-scales  which  have  been  drawn  out  with  the  object 
of  supplying  the  proximate  prineiph^.s  in  the  required  proi>ortion8,  the 
foregoing  is  slightly  modified  from  Moleschott: — 

Dnf  Foocl—  5J.  C. 

Proteid        .     120grms.  (4.332  oz.)  supplying  18.88  grms.  64.  ISgrms, 

Fat      .        .      90    **  (8.174  oz.)         "  70.30      ** 

Carbohydrate  320    ^  (11.54  oz.)        **  146.82      *• 

N.  18.88       a  281.3 
Salts      .         .     30    "         (nearly  1  ok.) 
Water    .    .     2800    ** 

Two  other  diet-scales  may  lie  mentione*!,  which  are  often  quoted, 
Yiz: — 

Ran'ke's  Diet- Scale. 

Proteid UH)  grms. 

Fati .  100     '* 

Carbohydrates riO     " 

Salts 2r,     - 

Water 2000     - 

PrrTENKoPER  &  VoiT*s  DiET-ScALE  iH  im  foUows  :— 

Proteida .  lis  la  i;J7  grraa. 

Fate 5n  to  ii;     '* 

Carbohydrates 352  to  r^m    ** 

Salts     ........ 

Water      . 2016  gnus. 

The  amount  of  the  excreted  carbon  and  nitrogen  is  not,  of  course, 
always  the  S4ime,it  having  been  unfortunately  proved  possible,  for  example, 
to  subsist  on  9  or  10  grms.  of  nitrogen  and  200  grms.  of  carbon  per 
diem  (the  ordinary  diet  for  needle-women  in  London,  and  the  average  of 
the  cotton  operatives  in  Lancashire  during  the  famine,  1802),  the 
amount  of  these  elements  excreted  falling  to  figures  corresponding  to 
such  an  income.  Of  course,  upon  such  a  diet  the  metabolism  is  low, 
and  persistent  weakness  must  be  the  result. 

The  9  or  10  grms.  of  N  in  such  a  semi-starvation  diet  would  l>e 
equivalent  to  58.5  to  C5  grme.  of  proteids,  wheretis  the  amount  of  pro- 
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teids  in  some  diets  may  be  as  high  as  150-159  grms.  per  diem  (English 
navvies),  or  1G5  gms.  (Munich  brewers'  men).  The  English  and 
Bavarian  soldier  in  time  of  peace  consumes  126  gnns.  of  proteid  per 
diem  (4.4  oz.). 

Not  only  the  proteids  but  also  the  fats  may  vary ;  the  amount  maj  be 
as  low  as  56  grms.  and  as  high  as  117  grms.  The  carbohydrates  maj 
vary  from  200  grms.  to  500  grms.  and  upward.  Sometimes,  with  i 
small  proportion  of  fat,  the  carbohydrate  may  be  correspondingly 
increased  to  make  up  the  necessary  carbon.  A  useful  table  after  Pajen 
will  help  to  show  in  what  ways  it  is  possible  to  obtain  the  reqaisite 
amount  of  nitrogen  and  carbon  from  the  most  common  f ood-stufb. 

In  100  parts  of  the  following  substances  the  proportion  of  N  and  C 
is  indicated : 


K. 

c. 

N. 

c. 

Beef  (witliout  bone 

3 

11 

Oatmeal 

.     1.95 

44 

Roast  Beef  . 

3.528 

17.76 

Bread 

1 

28 

Eggs 

1.9 

13.5 

Potatoes 

.       .33 

11 

Cow's  Milk 

.(56 

8 

Eels  . 

o 

ao 

Cheese     . 

2t<)7 

35  to  71 

Mackerel 

.     3.74 

19.d( 

Beans  . 

4.5 

42 

Sardines  in  oil 

« 

29 

Lentils    . 

4.1 

4vS 

Butter   . 

.       .64 

83 

In  order  to  obtain  the  amount 
nitrogen,  multiply  by  0.5. 


of   proteid  present  from  the  proportiaii  of 


From  these  data  it  is  possible  to  form  various  diet-scales  which  shall 
supply  the  needs  of  different  conditions.  Assuming  that  the  average 
amount  of  carbon  and  nitrogen  required  is  about  300  grms.  and  20  grms. 
respectively,  this  may  be  obtained  as  follows: — 


K. 


340  gnns.    )  f^^'   avoirdupois  j  ^^.^^  uncooked  meat*  10 grms. 
(32  oz.  or  2  lbs.  avoirdupois)  bread    . 


c. 
grms. 


900 


9 


19  grms.       289  grms. 


But  this  diet  is  not  a  usual  one;  a  certain  proportion  of  the  carbon 
is  usually  8upi)lied  as  butter,  or  bacon,  and  so  if  90  grms.  (3.1  oz.)  of 
l)utter  or  bacon  be  used  they  would  supply  about  72  grms.  of  carbon,  and 
the  carbohydrate  would  be  diminished  nearly  one-third ;  but  the  nitro- 
gen would  also  be  diminished  from  0  grms.  to  G  grms.  It  would  be 
necessary  to  supply  some  extra  nitrogenous  principle,  and  this  might 
be  done  by  the  addition  of  eggs,  milk,  cheese,  beans,  or  of  any  of  the 
food-stuffs  already  enumerated  at  p.  285  et  seq,,  as  supplying  nitrogenous 
food  chiefly.  For  example,  5()  grms.  (2  oz.)  cheese,  would  supply,  on 
an  average,  '3  grms.  nitrogen  and  20  grms.  carbon ;  or  28  grms.  cheese, 
supplying   1.5  grms.   nitrogen  and  about   10   grms.    carbon,  and  225 


*  As  meat  loses  23  to  M  i>er  cent  on  cooking,  the  weight  of    cooked  meat 
would  be  proportionately  be  less. 
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Igrms.  ii  Ik)  potatcM38,  and  225  grnis.  {}  lb,)  carrots,  supplying  togetla^r 
|alK>ut  1  grni.  of  uitrogeu  iind  35  grms*  of  carbon.     The  diet  would  then 
ae  follows: — 


340  grnis. 

lean  uncooked  meat 

«oo     - 

Breswl 

m    - 

Biitt*^r 

38       - 

r'ht't'Sf 

22^       - 

Potat4>?9    / 

S25       - 

t^rots      \ 

N 

C. 

I* J  gnus. 

.5  ^ 
1.5  - 

:*7  gnns- 

73      « 
10      ** 

1       - 

35      " 

N    IS* 


C,  :i23 


The  salts,  over    30  grms.,  would  be  supplied  hy  the  meat  10  grms.^ 

[the  bread  12  grms.,  and  vegetables  about  4  grnia.     The   fluids  should 

consist  of  about  2,500-2^800  grnis.,  and  might  lie  given  u^  water,  with 

or  without  tea,  cotTee,  or  cocoa  (whick  are  chiefly  stimulaiits),  together 

with  a  small  proportion  of  alcohol. 


Variations  in  Diet  Tables. 


V  Ibr  mfancif. — Milk  affords  a  natural  and  perfect  diet  for  infants. 
The  amount  which  an  infant  during  the  first  month  should  tjike  i^  not 
less  than  1  kilogramme  (2i  lbs.)  per  diem.  In  1,000  grme.  there  would 
be  ab€ut  6.0  grma.  nitrogen  and  80  to  00  of  carbon.  This  allows  for  a 
gain  of  weight  of  2  to  5  oz.  in  the  time. 

For  viimffte, — Very  slight  alteration  is  necessary.  For  warm  climates, 
alightly  increai^i  the  carbohydrates. 

(For  hard  labor. — All  the  articles  of  diet  should  be  increased  to  make 
up  for  the  increased  metabolism. 
Faitenifig  diet, — In  sui'h  a  diet  an  excess  of  e^ir  ho  hydrates  should  he 
present. 

To  redttve  tfhejst'tt/,— The  fats  and  carbohydrates  should  be  diminished, 
but  the  proteids  should  be  relatively  inerea-sed. 
H  To  iiwre/tse  musele,— It  has  been  found  that  a  diet  consisting  largely 
of  proteids  in  considerable  amount  combined  with  mdi  passive  exercise 
as  that  obtained  by  massage,  will  cause  the  body  to  put  on  fie^h. 
■  For  iraiHiHg, — The  whole  diet  should  be  increased,  possibly  preceded 
by  a  diet  in  which  the  proteid  is  in  excess. 

For  brain  work.— The  chief  essential  is  that  the  diet  should  consist  of 
easily  digestible  materials. 

Income  and  Output  of  Energy. 

The  food  mnst  be  considered  from  another  point  of  view  in  addition 
to  that  from  which  we  have  been  considering  it.  It  not  only  make^ 
up  for  the  substances  eliminated  from   the  body,  but  it  also  supplies 


m    "r  ^"^^    "^^ 
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potential  energy  to  balance  the  energy  set  free  in  the  liying  body « 
heat  and  movement.  The  amount  of  heat  is  measured  in  terms  of 
calories,  as  has  been  already  pointed  out.  The  work  done  may  be  ex- 
pressed in  terms  of  foot-pounds,  (see  p.  191)  (English  system) ,  or  metre- 
grammes,  or  metre-kilogrammes  (metric  system).  The  calories  may  also 
be  expressed  in  terms  of  work,  as  heat  is  also,  as  has  been  said,  a  niodt 
of  motion.  The  heat-unit  Ca,  may  be  transformed  into  the  metric 
work-unit  by  multiplying  by  42  and  dividing  by  1000,  and  the  converse. 

Ma7iifestatio7is  of  Force  in  iliefonn  either  of  Heat  or  Motion. — In  the 
former  case  (Heat), the  combustion  must  besufScient  to  maintain  a  tem- 
perature of  about  37.8°  C.  (100°  F.)  throughout  the  whole  substance  of 
the  body,  in  all  varieties  of  external  temperature,  notwithstanding  the 
large  amount  continually  lost  in  the  ways  previously  enumerated.  In 
the  case  of  Motion,  there  is  the  expenditure  involved  in  the  (a)  Ordi- 
nary muscular  movements,  as  in  Prehension,  Mastication,  Locomotion, 
and  numberless  other  ways:  as  well  as  in  (A)  Various  involuntary  move- 
ments, as  in  Respiration,  Circulation,  Digestion,  etc. 

Manifestation  of  Xerve-force;  as  in  the  general  regulation  of  all 
physiological  processes,  r.r/.,  Respiration,  Circulation,  Digestion;  and 
in  Volition  and  all  other  manifestations  of  cerebral  activity. 

The  energy  eocf  ended  in  all  physiological  processes^  e.g. ,  Nutrition, 
Secretion,  Growth,  and  the  like. 

The  total  expenditure  or  total  manifestation  of  energy  by  an  animal 
body  can  be  measured,  with  fair  accuracy.  All  statements,  however, 
must  be  considered  for  the  present  approximate  only,  and  especially  is 
this  the  case  with  respect  to  the  comparative  share  of  expenditure  to 
be  assigned  to  the  various  objects  just  enumerated. 

The  amount  of  energy  daily  manifested  by  the  adult  human  body 
in  (a)  the  maintenance  of  its  temperature;  (b)  in  internal  mechani- 
cal work,  as  in  the  movements  of  the  respiratory  muscles,  the  heart, 
etc. ;  and  (c)  in  external  mechanical  work,  as  in  locomotion,  and  all 
other  voluntary  movements,  is  made  up,  according  to  McKendrick,  as 
follows: — 

Metre-  Gramme- 

kiloj^rammes.  calories. 

Work  of  heart  per  diem  .        .        88,000 

Work  of  respiratory  muscle  .        .  14,000 

Eight  hours'  active  work  .        .      213,344 

315,334  or  743,000 

Amount  of  heat  produced  in  24  hours   1,582,700  or       8,724,000 


1,898,034  or       4,467,000 

So  that  4,  467  kilogramme  calories  represent  the  total  energy  manifested  in 
24  hours,  8  of  which  were  employed  in  mechanical  work,  one-sixth  of  the 
total  energy  heinsc  work.    This  estimation  considerably  exceeds  those  of  others. 
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bad  the  most  general  view  is  that  the  total  energy'   exhibited  iu  24  hotira  by 

the  average  adult  is  rather  under  tlian  over  l,0€0,Ol)C>kilog.  metres. 

Taking  the  diet-ecale  as  given  above  (modi lied  from  Mole^^-hott),  we    may 

see  how  this  supplies  the  energ>^  which  is  given  out,  remembering  that  Igrm. 

proteid  =  5.000  to  5.500  calories;  minus  the  value  of  {  grm.  urea  =  700  or  800 

calories.  —  say  4.500^  I  gmi,  fat  =  9,000  calories;  and  Igrm.  citrboliydrate  = 

4»O00  calories. 

Onuiune- 
caJorleH. 

120  grma,  Proteid  at  4.500  per  gnn.  ^      544,-500 

90     ^        Fat  at  !i<KKrper  gnu.  =      810.000 

880     *'        Carbolmlrate  at  4(XMJ  per  grm,    ^  1,320.  (HX> 

2,694.500 

Or  roughly,  2. 0fi4  kilog.  calories,  equivalent  to  1.144,050  metre-kilogrammes 
of  energj",  Tliis  alums,  altho^tgh  the  calculation  is  only  rough,  that  the  diet 
which  from  other  reasotLH  was  considered  to  be  correct  contains  the  potential 
energy  to  mi  free  one  million  metre-kilogrammes  of  kinetic  energy,  and  to 
leave  a  fair  margin  for  errors  of  calculation. 

To  the  foregoing  amounts  of  expenditure  must  be  added  the  quite 
nuknown  quantity  expended  in  the  various  maiiifestatic*ns  of  nerve-force, 
and  in  the  work  of  nntrition  aud  growth  (using  theae  terms  in  their 
widest  sense).  By  com  paring  the  amount  of  energy  whieh  should  ha 
produced  in  the  (>odj  from  m  much  food  of  a  given  kind,  with  that 
which  is  actually  manifested  (as  shown  by  the  various  products  of  com- 
bustion, in  the  excretions),  attempts  have  been  made,  indee*!,  to  estimate, 
by  a  process  of  exclusion,  these  unknown  quantities;  but  all  such  calcu- 
lations must  be  at  present  considered  only  very  doubtfully  approximate, 

Sotirces  of  Error* — Among  the  aouroes  of  error  in  any  such  calcula- 
tions as  the  one  above  given  must  Im  reckoned,  as  a  chief  one,  the, 
at  present,  entirely  imknown  extent  to  which  fi^rces  external  to  the  bodv 
{mainly  heat)  can  he  utilized  by  the  tissues.  We  are  too  apt  to  think 
that  the  heat  and  light  of  tlie  sun  are  directly  correlated,  a^  far  i^  living 
beings  are  concerned,  with  the  chemico- vital  transformations  involved 
in  the  nutrition  and  growth  of  the  members  of  tlie  vegetable  world  only. 
But  aninnds,  although  comparatively  indepenilent  of  external  heat  and 
other  forces^  probably  utilize  tliem,  to  the  degree  occasion  oiTers,  And 
although  the  correlative  manifestation  of  energ}^  in  the  body,  due  to  ex- 
ternal heat  and  light,  may  still  be  measured  in  so  far  as  it  may  take 
the  form  of  mechanical  work ;  yet,  in  so  far  as  it  takes  the  form  of  ex- 
penditure in  nutrition  or  nerve-force,  it  is  evidently  impossible  to  include 
it  by  any  method  of  estimation  yet  discovered;  and  all  accounts  of  it 
must  l>e  matters  of  the  purest  theory.  The^e  considerations  may  help 
to  explain  the  apparent  discrepancy  between  the  amount  of  energy  which 
is  capable  of  being  produced  by  the  usual  daily  amount  of  food,^  witli 
that  which  is  actually  manifested  daily  by  the  body;  the  former  leaving 
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but  u  small  margiu  for  anything  t>eyoiul  tlit*  ntaintenance  of  heat,  and 
nieehanical  work. 

It  is  f»f  much  interest  to  consider  tlie  way  in  wbieli  protoplasm  acu 
in  converting  food  into  energy  plu8  decomposition  products.  It  is  cerUiu 
that  the  substrtiice  itself  does  not  undergo  much  change  in  the  procuss 
except  a  slight  umount  of  wear  and  tear.  We  may  assume  that  it  is  the 
property  of  protophisui  to  separate  from  the  blood  the  mat^riak  which 
it  may  require  to  produce  secretions,  in  the  case  of  the  protoplasm  of 
secreting  glands,  or  to  enable  it  to  evolve  heat  and  energy,  as  in  tht* 
case  of  the  protoplasm  of  muscle.  The  properties  of  the  protopla^sm  are 
very  possibly  differently  developed  in  each  case,  and  the  decomposition 
products,  too,  may  l>e  different  iu  quality  or  quantity.  Proteid  m^teriab 
ap^jear  to  be  specially  needed,  as  is  shown  hy  tlie  invariable  presence  of 
urea  in  the  urine  even  during  staj'vation;  and  m  m  the  latter  case  there 
has  been  no  food  from  which  these  materials  could  have  been  derived, 
the  urea  is  considered  to  l>e  derived  from  the  disintegration  of  the  nitro- 
genous tissues  themselves.  Which,  if  not  all,  of  the  three  varieties  of 
proteid  of  the  blood,  viz.,  serum-albumin,  serum-globulin,  and  fibrino- 
gen, is  necessary  lor  muscular  metabolism  is  not  certainly  knowa^ 
opinion  appears  to  incline  toward  the  first  jis  the  most  important.  The 
removal  of  all  fat  from  the  body  in  a  starvation  period,  as  the  first  appftr- 
ent  change,  would  lead  to  ihv  stipposition  that  fat  is  also  a  specially 
necessary  pabulum  for  the  production  of  protoplasmic  energy;  and  the 
fact  that,  as  mentioned  al>ove,  with  a  diet  of  lean  meat  an  enormouB 
amount  appears  to  lie  required,  suggests  that  in  that  c^ise  protoplasm 
obtains  the  fat  it  needs  from  tlie  proteid  food,  which  process  must  Le 
evidently  a  source  of  much  wjiste  of  nitrogen.  Tlie  fat  which  is 
deposited  in  the  tissues  has  for  its  origin,  as  we  have  l>efore  remarked, 
in  great  part  carbohydrate  food,  and  is  looked  upon  as  a  store  of  carbo- 
naceous material;  it  has  been  suggested  that  as  it  leaves  the  tissue  to  be 
used  up,  it  is  reconverted  into  a  carliohydrate,  viz.,  dextrose*  Salts 
appear  to  be  absolutely  essential  for  protoplasmic  life.  The  idea  that 
proteid  food  has  two  destinations  in  the  economy,  viz.,  to  form  organ  or 
tissue  proteid  which  builds  up  organs  and  tissues,  and  circulating  pro- 
teid, from  which  the  organs  and  tissues  derive  the  materials  of  their 
secretions  or  for  producing  their  energ}',  is  a  convenient  one,  but  cannot 
be  said  to  rest  upon  any  very  certain  facts.  Except  in  the  possible 
of  the  apt>earance  of  leucin  and  tyrosin  in  pancreatic  digestion,  alreadyi 
fully  discussed,  it  must  not  be  looked  upon  as  more  than  a  convenieni 
hypothesis. 

One  question  which  has  been  little  considered  by  physiologists,  is 
what  relationship,  if  any,  there  is  between  each  tissue  and  the  waste  pro- 
ducts of  other  tissues,  or  perhaps  it  should  be  said,  the  products  of  the 
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metabolism  of  other  tissues.  It  is  not  known  whether,  as  the  result  of 
the  katabolism  of  one  tissue,  products,  proteid  or  otherwise,  are  not 
taken  up  by  the  blood  and  carried  to  other  tissues,  supplying  exactly 
what  is  necessary  for  their  complete  anabolism ;  whether,  for  example, 
a  proteid  residue  does  not  arise  from  the  metabolism  of  muscle  which 
may  be  used  further  by  glands.  One  step,  at  all  events,  in  this  direction 
has  been  taken;  it  has  been  suggested  that  the  sarco-lactic  acid  contin- 
ually produced  by  muscle  is  carried  to  the  liver,  either  to  be  converted 
itself  into  glycogen,  or  by  its  influence  on  the  hepatic  cells  to  cause 
them  to  store  up  that  substance. 

33 


CHAPTER  XY. 

THE  PRODUCTION  OF  THE  VOICE, 

Before  commencing  the  consideration  of  the  Xervous  system  aud 
the  Special  Seiistjs  it  will  be  convenient  to  consider  first  speech,  the 
productioji  of  the  hnumn  voice,  as  this  is  concerned  with  the  employ- 
ment of  certain  special  muscles,  viz.,  those  of  the  larynx. 

The  Larynx.— In  nearly  all  air-breathing  vertebrate  animals  there 
are  arrangements  for  the  production  of  sound,  or  voke^  in  some  parts  of  j 
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Ocantimins 


Gamn  nip: 


Iis;l8lbci-fhTr.  m«d: 

Ciiti  trieolde*. 
lig:  ctica-tnicbeAt;. 

Out:  troclM^e. 


Fig.  341.— The  Lao^x,  aa  Been  frooi  the  fmut.  abovriBf?  the  c&rtf  lages  and  llj^amenu.     The  taus- 
cle«,  witli  the  exi^ptloD  of  one  crlco- thyroids,  are  cut  off  short,     (8toerlL.> 
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the  reapiratory  apparatus.  In  many  animals,  the  sound  admits  of  being 
variously  modified  and  altered  during  tmd  alter  its  production;  and,  in 
man,  one  such  modification  occurring  in  obedience  to  dictates  of  the 
cerebrum,  is  speech. 

It  has  been  proved  by  observations  on  living  subjecta,  by  means  of 
the  laryngoscope  (p.  519),  as  well  as  by  experiments  on  the  larynx  taken 
from  the  dead  body,  that  the  sound  of  the  human  voice  is  the  result 
of  the  vibration  of  the  inferior  laryngeal  ligaments,   or  the  true   vocal 
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corde  which  bound  the  ijhUiiiy  cuused  by  currents  of  expired  air  impelled 
over  their  edges.  If  a  frcse  opening  exists  in  the  tnichea,  the  Bound  of 
the  Toice  ceaees,  but  it  returns  if  the  opening  is  closed.  An  opening 
into  the  air-pasaages  above  the  glottis,  on  the  contrary,  does  not  prevent 
the  voice  being  produced.  By  forcing  a  current  of  air  through  the 
larynx  in  the  dead  subject,  clear  vocal  sounds  are  elicited,  through  the 
epiglottis,  the  upper  ligaments  of  the  larynx  or  false  vocal  cords,  the 
ireutricles  between  them  and  tlie  inferior  liganjents  or  true  vocal  cords, 
and  the  upper  part  of  the  arytenoid  cartilages,  be  all  removed;  provided 
the  true  vocal  cords  remain  entire,  with  their  points  of  attachment, 
and  be  kept  tense  iind  so  approximated  that  the  fissure  of  the  glottis  may 
be  narrow. 

The  vocal  ligaments  or  cords,  therefore,  are  regarded  as  the  proper 
organs  for  the  production  of  vocal  sound:^:  the  modifications  of  these 
eoands  being  effected,  as  will  be  presently  explained,  by  other  parts, 
viz.,  by  the  tongue,  teeth,  lips,  etc.  The  structure  of  the  vocal  cords 
is  adaptetl  to  enable  them  to  vibrate  like  tense  membranes,  for  they  are 
essentially  composed  of  elastio  tissue ;  and  they  are  so  attached  to  the 
cartilaginous  parts  of  the  larynx  that  their  position  and  tension  can  be 
variously  altered  by  the  contraction  of  the  muscles  wliicli  act  on  these 
ports. 

Thus  it  will  be  seen  that  the  larynx  is  the  organ  of  voice.  It  may 
be  said  to  consist  essentially  of  the  two  vocal  cords  and  the  various  car- 
tilaginous, muscular,  and  other  apparatus  by  means  of  which  not  only 
can  tlie  aperture  of  the  larynx  (rima  glottidis),  of  which  they  are  the 
lateral  boundaries,  be  closed  against  the  en  trance  and  exit  of  air  to  or 
from  the  lungs,  but  also  by  means  of  which  the  cords  themselves  can  be 
stretiiml  or  relaxed^  brought  together  and  separated  in  accordance  with 
the  conditions  that  may  be  necessary  for  the  air  in  passing  over  them,  to 
set  them  vibrating  to  produce  the  various  sounds.  Their  action  in 
respiration  has  been  already  referred  to. 


Anatomy  of  the  Larynx. — The  principal  parts  entering  into  the  formation  of 
the  lan^DJc  (figa.  343  an  ci  343)  are — the  thyroid  cartilage:  the  cricoid  ciirtilage  ; 
the  two  arytenoid  cartilages  ;  and  tlie  two  true  voeal  cords.  The  epiglottis 
(fig.  34Ii),  has  but  little  to  do  with  the  voice,  and  is  chiefly  useful  in  protect- 
ing  the  upper  part  of  the  larynx  from  the  entrance  of  focjd  and  drink  in 
deglutition.  It  also  probably  guides  mucus  or  other  fluids  in  small  amount 
from  the  mouth  around  thn  Hides  of  the  upjK?r  oi>ening  of  the  glottis  into  the 
pharynx  and  cesophagus :  thus  preventing  them  from  entering  the  larynx. 
The  false  vocal  cor  da  and  the  ventricle  of  the  larynx,  which  is  a  space  between 
the  false  and  the  true  cord  of  either  side,  neeti  V>e  here  only  referred  to. 

Cariilagf^.^' (a)  The  thyroid  cartilage  (fig.  342,  1  to  4)  does  not  form  a  com- 
plete ring  around  the  larynx,  but  only  covers  the  front  portion,  (b)  The 
cricoid  cartilage    (%.    843,  5,  6),  on  the  other  hand,  is  a  complete  ring  i  the 
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back  part  of  the  ring  l*emg  niurh  broader  tiiao  tbe  front.  Od  the  top  of  thii 
broad  pm'tion  of  the  cricoid  are  (c)  the  arytenoid  cartilages  (fig.  842,  Tj,  U» 
cannection  between  the  cricoid  l:>elow  and  arytenoid  cartibigejs  tib«jve  being  a  joiot 
with  synovial  membrane  and  liganientH.  tlie  latter  permitting  tolerably  fuse 


col  ridpi?  or  ixitnum  Aclimi 
cricoid  cartJliij?f :  5,  inside' 
cartilAgiffH.     X  %, 


I  to  4,  thyroid  cartilaife;  I,  \ 


Fiff.  ai2.— CartiiftRex  of  tlie  l(ir\'ruc  bwti  frtmi  tho  frcjol,       .     ,  „ ^ „_,  ,,  . 

ridgi*  or  potnum  Admiii;  2,  ri;K:^taia:  8,  Hujwrior,  and  4,  iiiferJor  cnjpjiu  of  the  rig'bt  jUdr. 

"  of  the  posterior  pan ;  (J,  anterior  narrow  part  of  lUe  Hhk  ;  7,  aiTteooid 


motion  between  them.  Hut  although  the  arytenoid  cartilages  can  move  on  th& 
cricoid,  they  of  course  accompany  the  latter  io  all  its  movements,  just  an  the 
head  may  nod  or  turn  on  the  top  of  the  spinal  column,  hui;  must  accompany 
it  in  all  its  movements  as  a  whtile. 

Joint  s  itnd   Ligament  a. — The  thyroid  cartilage   is  also   connected   with  the 
cricoid,  not  only   hy   ligaments,  but   abo  by  joints  with  synovial  iiiembrani?^ ; 
tlie  lower  cortiua  of  the  thyroid  chiHping,  or  nipping,  as  it  were,  the  cricoid  I 
between  them,  biit  not  m)  tightly  but  that  the  thyroid  can  revolve,    within  aj 


Xljf .  Aiy.-eptirtott. 

w 

o»t,  Wdnbenrit  midl 

CSurt,  Sontorinj    I.K;^! 

K             Ji 

Ckrt.  MTten*     VA^Bii 

Proc.  muscuL    — VfiBI 

I -Iff.  crico-Qiyt^ti,  '^'4(!|| 
Jff,  PCmtcMxlco.  post.  ffUp.          Kl 

..;i 

Cornu  in  f CT, .. , . .     l^M 

Lsi^^H 

WW 

Cwi.  trocbfra  IV 

».-  « 

!»'■  .  m 

...J^TB  mcmbnik. 


Fig.  MS.— The  larynx  as  Bwn  from  Ijeliitid  after  remcmLl  of  the  miiBclea.    The  cartilogeft  and  Ug- 1 
ameDts  only  reiualti.     (Stoerk.) 


certain  range,  around  an  axis  pawsiog  tranaversely  through   the   two   joints  at 
which  the  cricoid  is  clasped.     The   vocal  cords  are  attached  (behiodj  to  the  , 
front  portion  of  the  base  of  the  arytenoid  cartilages,  and    (in  front)   to  t] 
re-entering  angle  at  the  Imck  part  of  the  th  v^- '  ^ident,  therefore,  that  i 
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movemonU  of  either  of  these  cartilages  muBt  produce  jm  effect  on  theni  of 
iwjiiie  kind  or  other.  Imiiiiiiiu'h,  kx3.  a^  the  nryteiiuid  cartiluge8  rest  oa  Uie 
to|>  of  the  back  pwjrtion  of  the  cricoid  cartilage,  and  are  connected  with  it  by 
capHidar  and  other  ligamentii,  all  movenieutM  of  the  cricoid  cartilage  must 
move  the  arytenoid  cartilages,  and  also  produce  an  effect  on  the  vocal  cord^. 

Intrinmc  MuHckn. — The  intrinsic  muscles  of  the  larynx  are  so  connected 
^ith  the  laryngeal  cartilagefi  that  by  their  contraction  alterations  in  the  con- 
dition of  the  vocal  cords  and  glottin  are  pnHiuce<i  They  are  usually  divided 
iot4»  four  claiisei*  aivtirding  t**  their  action,  viz.,  into  abdm'tor}i,  widufk^ra, 
Mphinctern,  and  teuHorn.  The  AlMltictors,  the  crieoaryienoidei,  widen  theglottia, 
by  !M*parating  the  conls ;  tlie  Adducton*,  consisting  of  the  thyro-nryepigloitici, 
tlie  arifti'Houleiia  jxtHdcuis  neu  tnttntt^rsuit,  iht^  ihyro-arj/tefiokki  e^Fterjii,  thecriw- 
arytetuiidei  lutendeH,  and  the  thj/marytenoidei  interni,  approximate  the  vocal 
cordii,  diminish  the  rima  glottidii*,  and  act  generally  as  Sphinct^^rs  and  sup- 
porters of  the  glottis.  Finally,  the  Teosiirs  of  the  cords  put  the  corda  on  the 
strettrli,  with  or  without  elongating  them  ;  the  tensora  are  the  erico-thifrmdei 
and  iKie  thtfroarf/teiffyidei  ifderni. 

The  attachtnents  and  the  action  of  the  muacleM  will  l>e  reailily  understood 
from  the  following  talkie.  All  the  mustcles  are  in  pairs  except  the  aryteooideus 
poetieus. 


517   M 

I 


Tabi^  of  the  several  Grouph  of  THK  lNTRn<Bic  Muscles  or  the 
AND  TUEiK  Attachments. 


Larytcx 


Obocp. 


L 
Abductors. 


ATTAcmtmtm, 


II,  and  III. 
Adductors 

and 
Sphincters. 


Crico-aryte 
noidei  jkih 
tici. 


Af7T109f. 


I 

I 

I 

I 


in  three  lay- 

I     era: 

(a)        Onter 
layer.  Thy- 
r  o    a  r  y 
e  p  1  g  1  ot 
tici. 


This  imir  of  muscles  arises,  on 
either  side,  from  the  posterior! 
surface  uf  the  correstwMKling  half 
of  the  cricoid  cartilage.  Frtjui 
this  depression  their  lihres  con- 
verge on  either  side  upward  and 
outward  to  l:>e  inserte*!  into  the 
outer  anpjle  of  the  ha-s*-  of  thcj 
arytenoirl  cartilagi^  liehind  the 
cricoarvtennid  laterah***. 


Draw  inward  and 
backward  t  h  e 
outer  angle  o  f 
arytentud  carti- 
lages, and  so  ro- 
tate outward 
the  prfM^easiis  vo- 
caliH  and  widen 
the  glottis. 


A  jijiir  of  riniscJcs,  Flat  and  nar- 
row, which  arise  on  either  rtide| 
frnrn  the  |iriK'essu8  niiiHCukiris  uf 
the  arytenoid  cartiluK'".  Iht-n  piiisis  I 
ing  upward  aud  imvanl  cn»ss 
one  another  in  the  niidclk-  line  to 
he  iuHprted  into  the  upfw^r  hulf  of 
the  lateral  bonier  of  tht*  opiHisite 
aryteno ill  cartilage  ami  the  jMwIf^ 
rior  border  of  the  <*iirtilage  of 
San  tori  ni.  The  lower  lil>res  run 
forward  and  downwjird  to  lie 
ini*ertcd  into  the  thyroid  carti- 
lage near  the  fNnniu»s8ure,  Thei 
fibres  attjiched  to  the  cartilage  of 
Santoriui  are  coutinuetl  forwjird 
and  upward  into  the  arv  epiglot- 
tic fold. 


Help  to  narrow  or 
chj«e  the  rima 
giottidis. 


618 


HANDBOOK   OF   PHYSIOLOGY. 


Groxtp. 


II.  and  III. 
Adductors  i 

and 
Sphincters. 
— continued. 


MUBCUB. 


Attachmekts. 


(b)    Middle\A  single  muscle.     Half -q  u  a  d  r  i 
layer.         j    lateral,  attached  to  the  borders 


i.  Arvte- 
no  i  deus 
posticus. 


ii.     Thyro 
aryteno  i  - 
dei    ex 
temi. 


iii.  Crico- 
aryteno  i  - 
dei  later- 
ales. 


of   the  arytenoid  cartilages,   its 
fibres  running   horizontally   be 
tween  the  two. 


Draws  together  the 
arytenoid  carti- 
lages and  also  de- 
presses  them. 
When  the  mus- 
cle is  paralyzed, 
the  inter-carti- 
laginous part  of 
the  cords  cannot 
come  together. 


A  pair  of  muscles.  Each  of  which 
consists  of  three  chief  portions 
— lower,  middle,  and  upper. 
The  lower  and  principal  fibres 
may  be  further  divided  into  two 
layers,  internal  and  external. 
These  fibres  arise  side  by  side 
from  the  lower  half  of  the  inter- 
nal surface  of  the  thyroid  carti- 
lage, close  to  the  angle,  and  fromj 
the  fibrous  expansion  of  the  crico- 
thyroid ligament,  and  are  insert- 
ed into  the  lateral  border  of  the 
arytenoid  cartilage.  The  inner 
fibres  run  horizontally,  to  be  at- 
tached to  the  lower  hidf  of  this 
border,  and  the  outer  fibres  pass 
obliquely  outward  to  be  inserted 
into  the  upper  half,  while  some 
pass  to  the  cartilage  of  Wrisburg 
and  the  ary -epiglottic  fold. 


(c)  Inner- 
most lay- 
er, Thyro- 
arytenoi 
dei  i  n - 
temi. 


A  pair  of  muscles.  They  arise  on 
either  side  from  the  middle  third 
of  the  upper  border  of  the  cricoid 
cartilage  and  are  inserted  into  the 
whole  anterior  margin  of  the  base 
of  the  arytenoid  cartilage.  Some 
of  their  fibres  join  the  thyroid - 
arj'-epiglottici. 


Approximate  the 
vocal  cordb 
by  drawing  the 
processus  mus- 
cularis  of  the 
arytenoid  carti- 
lages forward 
and  downward 
and  so  rotate  the 
processus  vocalis 
inward. 


A  pair  of  muscles.  They  arise  on  Render  the  vocal 
either  side,  internally  from  thel  cords  tense  and 
angle  of  the  thyroid  cartilage,  |  rotate  tlie  aryte- 
intemal  to  the  last  described  noid  cartilages 
muscle  (  (b),  iii.),  and  running  and  approximate 
parallel  to  and  in  the  substance  of  the  processus 
the  vocal  cords  are  attached  pos-  vocalis. 
teriorly  to  tlie  processus  vocalis' 
along  their  whole  length  and  to 
the  adjacent  part  of  the  outer 
surface   of   the  arytenoid  carti- 
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Obodp. 


'Tensors, 


MmNSLS. 


roidei. 


Thyro  -  ary- 
teno  i  d  e  i 


ATTAimuKim. 


A.cnoir, 


A  pair  of  fan*€(hai>p<i  TnuBcles  at 
tac'hwl  on  either  side  to  the  cricoid  J 
cartilage  l>elow  ;  from  tlie  mesial 
line  iu  front  for  nearl3'  one-half  of 
its  lateral  circiimff^rence  bat*k- 
ward  thcN  tihres  i:ia88  upward  and 
outward  to  he  uttarhed  lo  the  low- 
er biirder  of  the  thyroid  Cnartilage 
anil  to  the  froat  border  of  ftsj 
lower  cornea. 


The  most  poj^t-prior  part  is  almost 
a  dirttinct  iniMcle  and  its  tibrefl 
are  all  hut  horizontal  :  some- 
tiuiea  this  miii*t4e  ia  described  as 
coaHiBiinK  of  two  hiyers,  sui>er' 
ticial  with  cortical  hbres,  cfeep 
with  oblique  fibres,  described 
under  Group  IIL 


The  thyroid  carti- 
lage being  fixed 
by  its  extrinsic 
rn  u  tj  c  1  e  8 ,  the 
front  of  the  cri- 
coid cartilage  is 
drawn  upward, 
and  its  ba«.*k, 
with  the  aryte- 
noids attached, 
is  drawn  down. 
Hence  the  vocal 
cx)rda  are  elon- 
gated a  n  t  e  r  o  * 
posteriorly  and 
jjut  upon  the 
Htretch,  Paral- 
ysis of  these 
muacles  causes 
an  inability  to 
produce  high 
notes. 


Described  above. 


Nerve  Supply.— In  the  performance  of  the  functions  of  the  larynx  the  sensory 
filaments  of  the  superior  laryngeal  branch  of  the  vagus  supply  that  acute  sen- 
sibility by  which  the  glottis  ia  guarded  against  the  ingress  of  foreign  bodies,  or 
of  irrespirable  gases.  The  conttiet  of  these  stiraiilates  the  nerve  filaments ; 
and  the  impression  conveyed  to  the  medulla  oblongata,  whether  it  produce 
sensation  or  not,  is  reflected  to  the  filaments  of  the  reeurrent  or  ittferiorhjri/fif/t'al 
branch,  and  excites  contraction  of  the  muscles  that  clci^e  the  glottis.  Both  these 
branches  of  the  vagi  co-operate  also  hi  the  production  and  regulation  of  the 
voice ;  the  inferior  laryngeal  deterniining  the  contraction  of  the  muscles  that 
Tary  the  tension  of  the  vocal  cords,  and  the  superior  laryngeal  conveying  to 
the  mind  the  sensation  of  tlie  state  of  these  muscles  necessary^  for  their  contin- 
uous guidance.  And  both  the  branches  co-operate  in  the  actions  of  the  larynx 
in  the  ordinary  slight  dilatation  and  contraction  of  the  glottis  in  the  acta  of 
expiration  and  inspiration,  and  more  evidently  in  those  of  coughing  and  otiier 
forcible  respiratorj*^  movements. 

The  laryngoscope  is  an  instrument  employed  in  investigating  during  life  the 
condition  of  the  pharynx,  larynx,  and  trachea.  It  consists  of  a  large  concave 
mirror  with  perforated  centre  and  of  a  smaller  mirror  fixed  in  a  long  handle. 
It  is  thus  used  ;  the  patient  is  placed  in  a  chair,  a  good  light  (argand  burner,  or 
lamp)  ia  arranged  on  one  side  of»  and  a  little  above  his  head.  The  operator 
fixes  the  large  mirror  round  his  head  in  such  a  manner,  that  he  lcM:)ks  through 
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the  central  aperture  with  one  eye.  He  then  seats  himself  apposite  the  ] 
and  8ij  witi.^rH  the  position  of  the  niim»r,  which  is  ff»r  this  piirpr^e  prc»Tid«>d 
with  a  ball  and  socket  joint,  that  a  iK^am  of  light  is  redected  oii  the  lipft  of  the 
I>atient. 

The  patient  is  now  directed  to  throw  hia  head  slightly  back'warrl.  and  m 
open  his  mouth;  the  retie<*tion  from  the  mirror  lights  up  tlie  cavity  of  thj. 
mouth,  and  by  a  little  alteratifin  of  the  distance  between  the  operator  and  the 
patient  the  point  at  which  the  ^i^reatest  amount  of  light  is  reflecttHi  by  the 
mirrnr— in  other  wordi*  its  fiK:iil  length— is  readily  disctivered,  T\w  small 
mirror  fixed  in  the  handle  is  then  warmed,  either  by  holding  it  over  the  lump, 
or  by  putting  il  intu  a  vessel  of  warm  water;  this  is  necessary  to  preTent  th^ 
condeasatioD  of  breath  uixjn  its  surface.     Tlie  degree  of  heat  is  regulated  by 


Ug.try  epiglotu 
Ctit«  fSantorml' 

Hr,  CMoft'WTtraciid.  pew*  • 

Cbmu  inf  crkff 

Xig.  comto-crSp. 

Bu».  punt.  Inf.  moinbrani. 


Fig.  1144.— Tile  lurynx  «S9fH*ii  from  behind.     To  show  the  intrinsic  musclefi  po«fcerforl}r,    (!Sltoak,y 


applying  the  back  of  the  mirror  to  the  hand  or  cheek,  when  it  should  feel  wanu 
without  being  painful. 

After  these  preliminaries  I  he  patient  is  directed  to  put  out  his  pungue,  which 
is  held  by  tiie  left  hand  gently  bnt  llnnly  against  the  lower  teeth  by  means  of 
a  handkerchief.  Tlie  warm  mirror  is  passtnl  to  the  back  of  the  moutli,  until 
it  restH  upon  and  wlightly  raises  the  base  of  the  uvula,  and  at  the  name  time 
the  light  is  directeii  iJt»<>n  it:  an  invertt:'d  image  of  tlie  larynx  and  tracht* 
will  be  seen  in  the  mirror.  If  the  ilorsmn  of  the  tongue  be  alone  seen,  the 
handle  of  the  mirror  must  be  slightly  lowered  until  the  larynx  cornea  into 
view ;  care  sliould  be  taken,  however,  not  to  move  the  mirror  uyKm  the  uvula* 
118  it  excites  rt*tching,  The  observation  should  not  be  prolonged,  but  sliould 
rather  l>e  re|>eatetl  at  short  intervals. 

The  BtTuctun:*s  s**en  will  var\^  somewhat  according  to  the  condition  of  the 
parts  BB  Uj   inspiration,  expiration,  phonation,  et<\  ;  they  are  (figs.  Ii47)  first, 
and  apparently  at  the  poeterior  part,  the  f:*f^>f<*  of  the  tou^te,  immediately  below  M 
which  is   the  accurate   outline  uf   the  epiglottw,  ivlth  it8   cushion  or   tubercle,  f 
Then  are  seen  in  tlie  eentral  line  the  true  t*oeal  eardif,  white  and  shinitig  in  their 
normal  condition.     The  curds  approximate  ^in  the  inverted  ima^>  posteriorly; 


I 

I 
I 


THE    PR(iDr<  TI(»N    OF   THE   VOICE. 


521 


between  them  is  left  a  ehiak,  Barrow  while  a  high  note  is  beiDg  siin^,  wide 
duriop:  a  deep  inspiration.  On  each  wide  of  tiie  true  vocal  rords,  and  im  a 
higher  level,   are  the  pink  falae  vocal  vordn.     Still  more  extemailj  tJian  tJje 


Fig-  8IB.— Th**  parts  of  the  lAvyjiiffMCope, 

false  Tocal  cords  is  the  arytettO'-ejyiglottidean  fold,  in  which  are  situated  upon 
«ach  side  three  smalt  elevations ;  of  these  the  most  external  is  the  eartiiage  of 
Wrhherg.  the  intermediate  is  the  cortihujt'  of  p^ifufortnL  while  th**  t^iunmit  of 
the   artftenoid  cartilage  is  in  front,  and  somewhat  ix*l<>w  tht^  preceding,  Ix'ing 


r 


Fi(r.  S46,— To  Bhow  the  poaitifinof  the  opemtor  and  imtlent  when  ufsiiig  the  LAi^iigoscope, 

onh'  seen  during  deep  inspiration.  The  ringn  of  the  tntclwa,  and  even  the 
bifurcation  of  the  tra**hea  itself,  if  the  jiatjenthe  directed  to  draw  a  deep  breath, 
may  l>e  seen  in  the  interval  W^tweeu  the  true  vocal  cords. 
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Movements  of  the  Vocal  Cords, 

In  Rmpiratmu — The  position  of  the  vocal  cords  in  ordinary  tran* 
quil  breathing  is  so  iidupte<l  by  the  muscles^  that  the  opening  of  tlie 
glottis  is  wide  and  triangular  (iig.  347,  b)  becoming  a  little  wider  it 


Fig*  3*7.— TliiiBeUurTBifOflcoplc  views  of  thf*  Huperior  ajjerture  of  the  larynx  and  surrouodUic'l 
A,  thejclottlii  dumig  the  emisirion  of  a  liii/li  note  ip  <*iriKiiijj:;  B,  in  eajsy  and  quiet  iok^| 


ation  of  atr;  C,  In  ttie  «it«Ce  of  the  widest  p<»ttiibU'  clilatatit>n,  lui  in  lubaling  a  very  dt^p  faroOlL 
The  <Iitt|?raiii8  A^  B',  and  C,  ahow  1q  borlKontai  HectJonti  of  tbe  f^loCtifi  the  iio«i lion  of  t4ie  vocil 
liKanieiil^  and  arj'teiioid  cartilaKt's  in  the  three  aevemi  Btatefl  represenCfed  fa  the  other  ll|ntf«& 
Iti  Rtl  th*?  ii^^yres,  ho  far  ti»  m«rk<Hl,  the*  iHtteni  fndioite  the  fMUlif  aji  fonown,  vix, :  I,  themae-  of 
thotiyiiRTLif--  f".  the  iipm*r  free  jiLirt  i«f  llif*  t*pis:lottl«  ^  t'%  the  tulM?rtle  ur cuslilon  of  the  epiglottif; 
iur  wall  111'  th*'  pluirynx  behind  Ihn  Inrj'njf :  in  tlie  margin  of  tb«*  arjtctii^ 
-  Mf  rhe  iiieiiibnwu^  tauiWNi  by  tlie  earttlft^i'?iuf  WHalierg;  «,  tliM 
^  ip  ijr  HUuimU  of  the  arytenoid  cartilainw;  c  i%  the  true 
:  CVS,  the  superior  or 'false  vocal  c^rclii;  between  tbem 
i>^  plocetl  on  tne  anterior  wall  of  tlie  moedinir  t^Bell«l^ 
mt  III  "I   the  twc»  bronchi  beyond  the  bifurcation    which  ri«7  be 


ph,  part  ot  tlie  aiiteruir  wall  > 
epi»rlottidean  fold  ir,  the  swfll 
of  the  eart  i  lfttfe«  of  Ran  tori  ni 
vocaJ  conlH  or  lips  of  the  rii 
the   ventricle  of  the  larynx 
iind  b  indiiiatei^i  the  eornnif^n 


brought  ID  to  view  iu  this  state  of  extreme  dilatation.     CQu&in  after  Czenuak. ) 

each  inspiration,  and  a  little  narrower  at  each  expiration.  On  making 
a  rapid  and  deep  inspiration  the  opening  of  the  glottis  is  widely  dilated 
(fig,  347,  c),  and  somewhat  lozenge-shaped. 

In  VocuUzuf  ton, —At  the  moment  of  the  emission  of  a  note,  it  is  nar- 
rowed,  the  margins  of  the  arytenoid  cartilages  being  brought  into  contact 
and  the  edges  of  the  vocal  cords  approximated  and  made  parallel,  at 
the  same  time  that  their  tension  is  much  increased.  The  higher  the  note 
produced,  the  tenst^r  do  the  cords  become  (fig.  347,  a);  and  the  range  of 
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In  voice  flrpenfis,  f>f  course,  in  the  main,  on  the  extent  to  which  the 
degree  of  tension  of  the  vocal  cords  can  bt^  thus  altered.  In  the  produc- 
tion of  a  high  note  the  vocal  cords  are  hroiight  well  within  sight,  so  as 
to  be  plainly  visihle  with  the  help  of  the  laryngoscope.  In  the  utter- 
ance of  grave  tones,  on  the  other  hand,  the  epiglottis  is  depressed  and 
brought  over  them,  and  the  arytenoid  cartilages  look  as  if  they  were 
trying  to  hide  themselves  under  it  {^g.  348).     The  epiglottis,  by  being 

IFI|r.  attw— view  of  the  upper  part  of  Ihe  larynx  a»  s«»n  by  mean »  of  the  Imxjngoeecipi*  during 
tiie  ntlmiiQe af  »  ffmve  Dote.  e,  Epij^lottSR;  m,  tuht^rv\e^ot  the  eAniltm^e»  ot  tjantoriui;  ti,  aryt- 
ioold  carUlaci»;  i,  twwe  of  the  toQjsrue;  /jA,tht'  po!it<.*rior  wall  of  the  pharynx.     (CMrmak,) 


somewhat  pressed  down  so  as  to  cover  the  superior  cavity  of  the  larynx, 
serves  to  render  the  notes  deeper  in  tone  and  at  the  same  time  somewhat 
duller,  just  as  covering  the  end  of  a  short  tuJie  plac^tl  in  front  of 
cAoutchonc  tongues  lowers  the  tone-  In  no  other  respect  does  the 
epiglottis  appear  to  have  any  eflfect  in  modifying  the  vocal  sounds. 

The  degree  of  api>roxiniation  of  the  vocal  cords  also  usually  corre- 
sponds with  the  height  of  tlie  note  ])rodnced;  but  probably  not  alft^ays, 
for  the  width  of  the  aperture  has  no  essential  influence  on  the  height  of 
the  note,  as  long  as  the  vocal  cords  hivvc  the  sitnie  tension:  only  with  a 
wide  aperture  tlie  tone  is  more  difficult  to  produce  and  is  Icvss  ]ierfect, 
the  nishiug  of  the  air  through  the  aperture  being  heard  at  the  same 
time. 

No  true  vocal  sound  is  produced  at  the  posterior  part  of  the  aperture 
of  the  glottis,  that,  viz.,  which  is  formed  by  the  spa^^e  between  the 
arytenoid  cartilages.  For  if  the  arytenoid  cartilages  be  approximated 
in  such  a  nuiuner  that  their  anterior  processes  touch  each  other,  but  yet 
leave  an  opening  behind  them  as  well  as  in  front,  no  second  vocal  tone 
is  produced  by  the  passage  of  the  air  through  the  posterior  o^wning,  hut 
merely  a  rustling  or  bubbling  sound;  and  the  height  or  pitch  of  the 
note  produced  is  the  same  whether  the  posterior  part  of  the  glottis  be 
open  or  not. 

The  Voice  in  Sinoiko  akd  Speaking. 

Varieiit',^  of  Voml  Sounds, — The  laryngeal  notes  may  observe  three 
different  kinds  of  sequence.  The  first  is  the  monotonous,  in  which  the 
notes  have  nearly  all  the  same  pitch  as  in  ordinary  speaking;  the 
variety  of  the  sounds  of  speech  being  due  to  articulation  in  the  mouth. 
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In  speaking,  however,  occasional  syllables  generally  receive  a  higher 
intonation  for  the  sake  of  accent.  The  second  mode  of  sequence  is  the 
successive  transitioil  from  high  to  low  notes,  and  vi^  versdy  without 
intervals;  such  as  is  heard  in  the  sounds,  which,  as  expressions  of  pas- 
sion, accompany  crying  in  men,  and  in  the  howling  and  whining  of 
dogs.  The  third  mode  of  sequence  of  the  vocal  sounds  is  the  musical, 
in  which  each  sound  has  a  determinate  number  of  vibrations,  and  the 
numbers  of  the  vibrations  in  the  successive  sounds  have  the  same  relative 
proportions  that  characterize  the  notes  of  the  musical  scale. 

In  different  individuals  this  comprehends  one,  two,  or  three  octarea. 
In  singers — that  is,  in  persons  apt   for  singing — it  extends  to  two  or 
three  octaves.     But  the  male  and  female  voices  commence  and  end  at 
different  points  of  the  musical  scale.     The  lowest  note  of  the  female 
voice  is  about  an  octave  higher  than  the  lowest  of  the  male  voice;  the 
highest  note  of  the  female  voice  about  an  octave  higher  than  the  highest 
of  the  male.     The  compass  of  the  male  and  female  voices  taken  together, 
or  the  entire  scale  of  the  human  voice,  includes  about  four  octaves. 
The  principal  difference  between  the  male  and  female  voice  is,  therefore, 
in  their  pitch;  but  they  are  also  distinguished  by  their  /wi^, — the  male 
voice  is  not  so  soft.     The  voice  presents  other  varieties  besides  that  of 
male  and  female ;  there  are  two  kinds  of  male  voice,  technically  called 
the  bass  and  tenor,  and   two  kinds  of  female  voice,  the  contralto  and 
soprano^  all  differing  from  each  otlier  in  tone.     The  bass  voice  usually 
reaches  lower  than   the  tenor,  and   its  strength   lies  in  the   low  note?; 
while  the   tenor  voice  extends  higher  than   the  bass.      The   contralto 
voice  has  generally  lower  notes  than  the  soprano,  and  is  strongest  in  the 
lower  notes  of  the  female  voice;  while   the  soprano  voice  reaches  higlier 
in   the  scale.      But  the  difference  of   compass,  and  of  jiower  in  different 
parts  of  the  scale,  is  not  the  essential  distinction  between  the  different 
voices;  for  bass  singers  can  sometimes  go  very  high,   and   the  contralto 
frequently   sings  the  high   notes  like  soprano  singers.      The   essential 
difference  between  the  base  and  tenor  voices,  and  between  the  contralto 
and  soprano,  consists  in  their  tone  or  timlnr^  which  distinguishes  them 
even  when  they  are  singing  the  same  note.     The  qualities  of  the  bary- 
tone and   mezzo-soprano  voices  are  less  marked ;  the  barytone  being  in- 
termediate between  the  bass  and   tenor,  the  mezzo-soprano   between  the 
contralto  and  soprano.     They  have  also  a  middle  position  as  to  pitch  in 
the  scale  of  the  male  and  female  voices. 

The  differences  in  the  pitc^h  of  the  male  and  the  female  voices 
depends  on  the  different  length  of  the  vocal  cords  in  the  two  sexes; 
their  relative  length  in  men  and  women  being  as  three  to  two.  The 
difference  of  the  two  voices  in  tone  or  timbre,  is  owing  to  the  different 
nature  and  form  of  the  resounding  walls,  which  in   the  male  larynx  are 
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much  more  extenisiv*?,  uiid  form  ii  more  acute  angle  anteriorly.  The 
different  qiuilitieis  of  tlie  tenor  and  bitss,  uuil  of  the  alto  and  soprano 
voices,  probably  depend  on  gome  peculiarities  of  the  ligaments,  and  the 
membranous  and  curtilatjinoua  parietes  of  the  laryngeal  cavity,  which 
are  not  at  present  nnder8tD0il,  but  of  which  we  may  form  some  i<lea, 
by  recollecting  that  musical  instruraent^  made  of  different  materials, 
«iy.,  metallic  and  giit-st rings,  may  be  tuned  to  the  same  note,  but  that 
Hach  w*ll  give  it  with  a  ]>ecu]iar  tone  ftv  timbre. 

The  boy's  krynx  resembles  tlio  female  larynx;  tlieir  vocal  corda 
before  puWrty  are  not  two-thirdg  the  length  of  the  adult  cords;  and 
the  angle  of  their  thyroid  curtilage  is  as  little  prominent  as  in  the 
female  larynx.  Boys'  voices  are  afio  and  mpnnm^  resembling  in  pitch 
thode  of  women,  but  louder,  and  diiTering  somewhat  from  them  in  tone. 
Bat,  after  tlie  larynx  has  undergone  the  cbunge  produced  during  the 
period  of  development  at  iuil>erty,  the  boy^s  voice  becomes  bass  or  tenor. 
While  the  change  of  form  is  taking  place,  the  voice  is  said  to  track;  it 
liecomcs  imperfect,  frei|iH'nily  hoarse  and  crowing,  and  is  untitted  for 
singing  until  the  new  tones  are  brought  under  command  by  practice. 
In  eunuchs,  who  have  been  deprived  of  the  tej?tcs  before  puberty,  the  voice 
daes  not  uiulergu  tliL^  chjtuge.  The  voice  of  most  old  people  }8  tk?ficient 
in  tone,  unsteady,  and  more  restricted  iu  extent:  the  first  defect  is 
owing  to  the  ossification  of  the  cartilages  of  the  larynx  and  the  altered 
condition  of  the  vocal  cordji;  the  want  of  steadiness  arises  from  the  hissof 
nervous  power  and  command  over  the  muscles;  the  result  of  which  is 
here,  as  in  other  parts,  a  tremulous  movement.  These  two  caus<:\^  rom- 
binM  render  the  voices  of  old  people  void  of  tone,  uimteady,  blrating, 
and  weak. 

In  any  class  of  persons  arranged,  as  in  an  orchestra,  acording  to  the 
character  of  voices,  each  woulil  jiossess,  with  tlie  general  ebaraetcristics 
of  a  bass,  or  tenor,  or  any  other  kind  of  voice,  some  peculiar  character 
by  which  his  voice  would  he  recognized  from  all  the  rest.  Tiie  condi- 
tions that  determine  these  distinctions  are,  however,  quite  unknown. 
They  are  probably  inherent  in  the  tissues  of  the  larynx,  and  are  as 
indiscernible  as  the  minute  dillerences  tliat  elniracterize  men's  features; 
one  often  obs4*rve.s,  in  like  manner,  hereditary  and  family  j^cculiarities 
of  voice,  as  well  marked  as  those  of  the  limbs  or  face. 

Most  persons,  particularly  ruen,  have  the  power,  if  at  all  capable  of 
singing,  of  modulating  their  voices  through  a  double  series  of  notes  of 
dilTereut  character:  namely,  the  notes  of  the  natural  voice,  or  chest' 
fiotes^  and  the  fnhctto  noff,^.  The  natural  voice,  which  alone  has  been 
hitherto  considered,  is  fuller,  and  excites  a  distinct  sensation  of  much 
stronger  vibration  and  resonance  than  the  falsetto  voice,  which  haa 
more  a  flute-like  character.     The  dccficr  notes  of  the   male  voice    can 
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be  produced  only  with  the  natural  voice^  the  highest  with  the  falsetto 
only;  the  notes  of  middle  pitch  cim  be  produced  either  with  the  natunl 
or  fiil&etto  voice;  the  two  registers  of  the  voice  are  therefore  not  limiteii 
in  HUf'.h  i\  manner  as  that  one  ends  when  the  other  begins,  but  they  run 
in  part  side  by  side. 

The  natural  or  chest-notes  are,  aa  we  have  seen,  produced  by  the  or- 
dinary vibrations  of  the  vocal  cords.  The  mode  of  production  of  the 
falsetto  notes  is  still  obscure. 

By  Miillcr  tliey  were  thought  to  be  due  to  vibrations  of  only  the  inner 
borders  of  the  vocal  cords.  In  the  opinion  of  Petrequin  und  Diday,  thev 
do  not  result  from  vibrations  of  the  vocal  cords  at  all,  but  from  viLn- 
tions  of  the  air  piissing  through  the  aperture  of  the  glottis,  which  thej 
believe  assumes,  at  such  times,  the  contour  of  the  anl/uuchure  of  a.  flote. 
Others,  considering  some  degree  of  similarity  which  exists  between  the 
falsetto  notes  and  the  peculiar  tones  called  harmonic,  which  are  pro- 
duced when,  by  touching  or  stopping  a  harp-string  at  a  particular  point, 
only  a  portion  of  its  length  is  allowed  to  vibrate,  have  supposed  that,  in 
the  falsetto  notes,  portions  of  tlie  cords  are  thus  i  sol  a  ted »  and  toade  to 
vibrate  while  the  rest  are  held  still.  The  question  cannot  yet  be  settled; 
but  any  one  in  the  habit  of  singing  may  assure  himself,  both  by  the 
difliculty  of  passing  smoothly  from  one  set  of  notes  to  the  otlier,  and  by 
the  necessity  of  exercising  himself  in  both  registers,  lest  he  should 
become  very  deficient  in  one,  that  there  must  be  some  great  difference 
in  the  modes  in  which  their  respective  notc^s  are  produced. 

The  piick  of  the  noti\  which  depends  upon  the  rapidity  of  the  vibrt- 
tions,  is  altered  by  alterations  of  the  vocal  cords,  and  so  the  strengtlf  of 
the  voice  is  in  proportion  {ft)  to  the  degree  to  which  the  vocal  cords  eaa 
be  made  to  vibrate;  and  partly  {h)  to  the  fitness  for  resonance  of  the 
membranes  and  cartilages  of  the  larynx,  of  the  parietes  of  the  thorax, 
luugs,  and  cavities  of  the  month,  nostrils,  and  communicating  sinuses. 
It  is  diminished  by  anything  wdiich  interferes  with  such  capability  of 
vibration. 

The  infensifj/  or  hiififte.^s  of  a  given  note  with  maintenance  of  the 
same  pitch,  cannot  be  rendered  greater  by  merely  increasing  the  foro; 
of  the  current  of  air  through  the  glottis;  for  increase  of  the  force  of  the 
current  of  air,  cwterh parihuH^  raises  the  pitch  both  of  the  natural  and 
the  falsetto  notes.  Yet,  since  a  singer  possesses  the  power  of  increasing 
the  loudness  of  a  note  from  the  faintest  pimm  to  fortisswto  without  ita 
pitch  being  altered,  there  must  bo  some  means  of  compensating  the 
tendency  of  the  vocal  cords  to  emit  a  higher  note  when  the  force  of  the 
current  of  air  is  increased.  This  means  evidently  consists  in  modify- 
ing the  tension  of  the  vocal  cords.  Wlien  a  note  is  rendered  lender 
and  more  intense,  the  vocal  cords  must  be  relaxed  by  remission  of  the 
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muscular  action*  in  proportion  as  the  force  of  the  current  of  the  breath 
through  the  glottis  is  increased.  When  a  note  is  renderal  fainter,  the 
reverse  of  this  must  occur. 

The  arclies  of  the  palate  and  the  uvula  hecome  contracted  during  the 
•formation  of  the  higher  notes;  hot  their  contraction  is  the  same  for  a 
note  of  given  height,  whether  it  be  falsetto  or  not;  and  in  either  case 
the  arches  of  the  palate  may  he  touched  with  the  finger,  without  the 
note  being  altered.  Tiieir  action,  therefore,  in  the  production  of  the 
higher  notes  seems  to  be  merely  the  result  of  involuntary  a^isoeiate  ner- 
vous action^  excited  by  the  voluntarily  increased  exertion  of  the  muscles 
of  the  larynx.  If  the  palatine  arches  contribute  at  all  to  the  production 
of  the  higher  notes  of  the  natural  voice  and  the  falsetto,  it  can  only  be 
by  their  increased  tension  strengthen in^^  the  resonance. 

The  office  of  the  ventricles  of  the  larynx  is  evidently  to  afford  a  free 
apace  for  the  vibrations  of  the  lips  of  the  glottis;  they  may  be  com- 
pared with  the  cavity  at  the  commencement  of  the  mouthpiece  of  trum- 
pets, which  allows  the  free  vibration  of  tlie  lips. 

Speech. — Besides  the  musical  tones  formed  in  the  larynx,  a  great 
number  of  other  sounds  can  be  produced  in  the  vocal  tubes,  between 
the  glottis  and  the  external  apertures  of  the  air-passages,  the  combination 
of  which  sounds  by  the  agency  of  the  cerebrum  into  different  groups 
to  designate  objects,  properties,  actions,  etc.,  constitutes  language.  The 
languages  do  not  employ  all  the  sounds  which  can  be  produced  in  this 
manner,  the  combination  of  some  with  others  being  often  difficult. 
Those  sounds  which  are  easy  of  combination  enter,  for  the  most  part, 
into  the  formation  of  the  greater  number  of  languages.  Each  language 
contains  a  certain  number  of  such  sounds,  but  in  no  one  are  all  brought 
together.  On  the  contrary,  different  languages  are  characterized  by  the 
prevalence  in  them  of  certain  classes  of  these  sounds,  while  others  are 
lees  frequent  or  altogether  absent. 

Articulate  Sounds.— The  sounds  produced  in  speech,  or  the  articu- 
late sounds,  are  commonly  divided  into  voTcels  and  eomoitauiit:  the  dis- 
tinction between  which  is,  that  the  sounds  for  the  former  are  generated 
by  the  larynx,  while  those  for  the  latter  are  produced  by  interruption 
of  the  current  of  air  in  some  part  of  the  air-passages  above  the  larynx. 
The  term  consonant  has  been  given  to  these  because  several  of  them  are 
not  properly  sounded,  except  coHsonanili/  unth  a  vowel.  Thus,  if  it  be 
attempted  to  pronounce  aloud  the  consonants  b,  d,  and  g,  or  their  modi- 
fications, p,  tj  k,  the  intonation  only  follows  them  in  their  combination 
with  a  vowel.  To  recognize  the  essential  properties  of  the  articulate 
sounds,  it  is  neceseiiry  first  to  examine  them  as  they  are  produced  in 
whispering,  and  then  investigate  which  of  them  can  also  be  uttered  in 
a  modified  character  conjoined  with  vocal  tone.     By  this  procedure  we 
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find  two  series  of  sounds:  in  one  the  sounds  are  mute,  atid  cannot  be 
uttered  with  a  vocal  tone;  the  sounds  of  the  other  series  can  be  formed 
independently  of  voice,  but  are  also  capable  of  being  uttered  in  con- 
junction with  it. 

All  the  vowels  can  be  expressed  in  a  whisper  without  vocal  tane^  that 
is,  mutely.  These  mute  vowel-sounds  differ,  however,  in  some  meas- 
ure, as  to  their  mode  of  production,  from  the  consonants.  All  the 
mute  consonants  are  formed  in  the  vocal  tube  above  the  glottis,  or  in 
the  cavity  of  the  mouth  or  nose,  by  the  mere  rushing  of  the  air  between 
the  surfaces  differently  modified  indisposition.  But  the  sound  of  the 
vowels,  even  when  mute,  has  its  source  in  the  glottis,  though  its  vocal 
cords  are  not  thrown  into  the  vibrations  necessary  for  the  production  of 
voice;  and  the  sound  seems  to  be  produced  by  the  passage  of  the  current 
of  air  between  the  relaxed  vocal  cords.  The  same  vowel-sound  can  be  pro- 
duced in  the  larynx  when  the  mouth  is  closed,  the  nostrils  being  open, 
and  the  utterance  of  all  vocal  tone  avoided.  The  sound,  when  the  month 
is  open,  is  so  modified  by  varied  forms  of  the  oral  cavity,  as  to  assome 
the  characters  of  the  vowels  a,  e,  i,  o,  u,  in  all  their  modifications. 

The  cavity  of  the  mouth  assumes  the  same  form  for  the  articulation 
of  each  of  the  mute  vowels  as  for  the  corresponding  vowel  when  vocal- 
ized; the  only  difference  in  the  two  cases  lies  in  the  kind  of  sound 
emitted  by  the  larynx.  It  has  been  pointed  out  that  the  conditions 
necessary  for  changing  one  and  tlie  same  sound  into  the  different  vowek, 
are  differences  in  the  size  of  two  parts — the  oral  canal  and  the  oral  open- 
ing; and  tlie  same  is  the  ease  with  regard  to  the  mute  vowels.  By  oral 
canal,  is  meant  here  the  space  between  the  tongue  and  palate:  for  the 
pronunciation  of  certain  vowels  both  the  opening  of  the  mouth* and  the 
space  just  mentioned  are  widened;  for  tlie  pronunciation  of  other  vowels 
both  are  contracted ;  and  for  others  one  is  wide,  the  other  contracted. 
Admitting  five  degrees  of  size,  both  of  the  opening  of  the  mouth  and  of 
the  space  between  the  tongue  and  palate,  Kempelen  thus  states  the 
dimensions  of  these  parts  for  the  following  vowel-sounds: — 


Vowel. 

Sound. 

Size  of  oral 

opening. 

Size  of 

oral  canal. 

a     as  in 

**far" 

5 

3 

a 

"  name" 

4 

2 

e       '* 

"*  theme" 

8 

1 

o 

"KO" 

2 

4 

oo      "" 

*'cool" 

1 

5 

Another  important  distinction  in  articulate  sounds  is,  that  the  utter- 
ance of  some  is  only  of  momentary  duration,  taking  place  during  a  sud- 
den change  in  the  conformation  of  the  mouth,  and  being  incapable  of 
prolongation  by  a  continued  expiration.  To  this  class  belong  b,  p,  d, 
and  the  hard  g.  In  the  utterance  of  other  consonants  the  sounds  may 
be  continuous;  they  may  be  prolonged,  ad  libitum,  as  long  as  a  particu- 
lar disposition  of  the  mouth  and  a  constant  expiration  are  maintained. 
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Among  these ^onsemftntfl  are  h,  m,  n,  f,  s,  r,  1.  Corresponding  differences 
in  respect  to  the  time  that  may  be  occu]Hed  in  their  utterance  exist 
in  the  vowel  sounds,  and  principully  constitute  the  differences  of  long 
and  ehort  syllables,  Tbus  the  a  as  in  far  and  fate,  the  o  as  in  go  and 
fort,  may  be  indefinitely  prolonged;  but  the  same  vowels  (or  more 
properly  different  vowels  expressed  by  the  same  letters),  as  in  can  and 
fact,  in  dog  and  rotten,  cannot  be  prolonged. 

All  sounds  of  the  first  or  explosive  kind  are  insusceptible  of  com- 
bination with  vocal  tone  (ifiiofuffion)^  and  arc  absolutely  mute;  nearly 
all  the  consonants  of  the  second  or  continuous  kind  may  be  attended 
with  intonation, 

Ventriloqui'mH,— The  jjeculiurity  of  speaking,  to  which  the  term 
ventriloquism  is  applied,  appears  to  consist  merely  in  the  varied  modi- 
fication of  the  Bounds  produced  in  the  larynx,  in  imitation  of  the  modi- 
fications which  voice  ordinarily  suiTers  from  distance,  etc.  From  the 
observations  of  Midler  and  C'olombat,  it  seems  that  the  essential 
mechanical  parts  of  the  process  of  vent rilocju ism  consist  in  taking  a  full 
inspiration,  then  keeping  the  muscles  of  the  clicst  and  neck  fixed,  and 
speaking  with  the  mouth  almost  closed,  and  the  lips  and  lower  jaw  as 
motionless  as  possible,  while  air  is  very  slowly  expired  through  a  very 
narrow  glottis;  care  being  taken  also,  that  none  of  the  expired  air  passea 
through  the  nose.  But,  as  observed  by  Miiller,  much  of  the  ventrilo- 
quist'a  skill  in  imitating  the  voices  coming  from  particular  directions, 
consists  in  deceiving  other  senses  than  hearing.  We  never  distinguish 
very  readily  the  direction  in  which  sounds  reach  our  ear;  and,  when 
our  attention  is  directed  to  a  particular  point,  our  imagination  is  very 
apt  to  refer  to  that  point  whatever  sounds  we  may  bear. 

Aiiiofi  of  ike  Tmujup  in  Sjteerh.-^The  tongue,  which  is  usually 
credited  with  the  jrower  of  speech — language  and  speech  being  often 
employed  as  synonymous  terms— plays  only  a  subordinate,  although  very 
important  part.  This  is  well  shown  by  cases  in  which  nearly  the  whole 
organ  has  been  removed  on  account  of  disease.  Patients  who  recover 
from  this  operation  talk  imperfectly,  and  their  voice  is  considerably 
modified ;  but  the  loss  of  speech  is  confined  to  those  letters  in  the  pro- 
nunciation of  which  the  tongue  is  concerned. 

Sinmmerim/  depends  on  a  want  of  harmony  between  the  action  of 
the  muscles  (chiefly  abdominal)  which  expel  air  through  the  larynx,  and 
that  of  the  muscles  which  guard  the  orifice  (rima  glottidis)  by  which  it 
escapes,  and  of  those  (of  tongue,  palate,  etc.)  which  modulate  the  sound 
to  the  form  of  speech. 

Over  either  of  the  groups  of  muscles,  by  itself,  a  stammerer  may 
have  as  much  power  as  other  people.  But  he  cannot  harmoniously 
arrange  their  conjoint  actions. 
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CHAPTER  XVI. 

THE    NERVOUS    SYSTEM. 

The  nervoas  gystem  consists  of  the  following  parts:  firstly,  of  large 
masses  of  nervous  matter  situated  within  the  bony  cranium  and  spiiud 
column,  and  constituting  the  brain  and  spinid  cord;  aeoondly,  of 
smaller  masses  of  nervous  matter,  situated  for  the  most  part  in  the 
abdominal  and  thoracic  cavities,  but  also  in  the  neck  and  head,  and 
constituting  what  are  known  as  sympathetic  ganglia;  thirdly,  of  cords 
of  nerve-fibres  which  connect  the  central  nervous  system  with  the 
periphery  and  with  the  so-called  sympathetic  ganglia,  which  are  not  in 
reality  a  system  independent  of  the  brain  and  cord  as  was  formerly 
taught,  but  are  really  part  and  parcel  of  the  same  system ;  and  fourthly, 
of  peripheral  organs  in  connection  with  the  beginnings  or  endings  of  the 
nerves  at  the  periphery  of  the  body. 

It  will  be  necessary  to  consider  these  several  parts  of  the  nervous  system 
seriatim ;  it  will  be  most  useful  for  the  understanding  of  the  subject, 
however,  to  proceed  first  of  all  with  the  consideration  of  the  properties 
of  nerve-fibres,  as  this  forms  the  most  elementary  portion  of  the  subject 

Nerve-fihres, — The  structure  of  the  different  kinds  of  nerve-fibres 
has  been  already  dealt  with  (p.  89,  et  seq.) ;  their  function  remains  to  be 
considered  here. 

Function  of  Nerve -fibres. 

The  office  of  nerve-fibres  is  to  conduct  impressions.  From  the 
account  of  nervous  action  previously  given  (p.  447  et  seq.)  it  will  be 
readily  understood,  that  nerve-fibres  may  be  stimulated  to  act  by  any- 
thing which,  with  sufficient  suddenness,  increases  their  irritability;  but 
they  are  incapable  of  originating  of  themselves  the  condition  necessary 
for  the  manifestation  of  their  own  energy.  The  stimulus  produces  its 
effect  upon  the  termination  of  the  nerve  stimulated,  being  conducted  to 
it  by  the  nerve-fibre.  The  effect  of  the  stimulus  upon  a  nerve  therefore 
depends  upon  the  nature  of  its  end-organ.  A  length  of  a  nerve  trunk 
when  freshly  removed  from  the  body,  if  stimulated  midway  between  its 
extremities,  will,  as  shown  by  the  deflection  of  the  needle  of  a  galvanometer 
at  either  end,  conduct  the  electrical  impressions  in  either  direction,  and 
it  may  be  considered  therefore  only  an  accidental  circumstance  as  it 
were,  whether  when  in  situ  it  has  conducted  impressions  to  the  central 
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nervous  system  from  the  periphery,  or  from  the  contra!  nervous  system 
to  the  muscles  or  other  tissues.  The  same  fibre  cannot  be  used  for  the 
one  purpose  at  one  time,  and  for  the  other  at  another,  simply  because  of 
the  nature  of  its  terminal  organs.  Thus,  when  a  cerebro-spiual  uerve- 
fibre  is  irritated  in  the  living  body  aa  by  pindiing»  or  by  heat,  or  by 
electrifying  it, there  is,  under  ordinary  circumstances,  one  of  two  effects, 
— either  there  is  pain,  or  there  is  twitching  of  one  or  more  muscles  to 
which  the  nerve  distributes  its  fibres.  From  various  considerations 
it  is  certain  that  pain  is  always  the  result  of  a  change  iu  the  uerve- 
oells  of  the  brain.  Therefore,  in  such  an  exjieriment  as  that  referred 
to,  the  irritation  of  the  nerve-fibre  is  cmiduckd  in  one  of  two  direc- 
tions, i.f.,  either  to  the  brain,  which  is  the  central  termination  of  the 
fibre,  when  tliere  is  pain, or  to  a  muscle,  which  is  the  peripheral  ter- 
mination, when  there  is  movement. 

The  effect  of  this  simple  experiment  is  a  type  of  wluit  always  occurs 
when  nerve- fibres  are  engaged  in  the  performance  of  their  fnnctinug. 
The  result  of  stimulating  them,  which  roughly  imitates  what  happens 
naturally  in  the  body,  is  found  to  occur  at  oue  or  other  of  their  ex* 
tremities,  central  or  peripheral,  never  at  both;  and  in  accordance  with 
this  fact,  and  because,  for  any  given  nerve-fibre,  the  result  is  always  the 
Sftme,  nerve-fibres  have  been  commonly  claaeed  as  senwri/  or  motor. 

This  is  not  altogether  accurate,  and  the  terms  centrifuffai  or  affereui 
and  ceniripetal  or  efferent  are  more  properly  used,  since  the  result  of 
stimulating  a  nerve  of  the  former  kind  is  not  always  the  product iou  of 
pain  or  other  form  of  sensation,  nor  is  motion  the  invariable  result  of 
stimulating  the  latter. 

The  term  interment ntl  is  applied  to  those  nerve-fibres  which  connect 
more  or  less  distinct  nerve-centres,  and  may,  tlierefore,  be  said  to  have 
no  peripheral  distribution,  in  the  ordinary  sense  of  the  term. 

Impressions  made  upon  the  terminations  or  upon  the  trunk  of  a 
fefal  nerve  may  cause  («)  pain,  or  some  other  kind  of  sensation ;  (b) 
►  sensation;  or  (c)  reflex  action  of  some  kind;  or  (d)  inhibition, 
restraint  of  action.  Similarly  impressions  made  upou  a  eentnf' 
ngal  nerve  may  cause  (o)  con  traction  of  muscle  (motor  nerve);  (//)  it 
may  influence  nutrition  (trophic  nerve) ;  or  {c)  may  influence  secretion 
(secretory  nerve) ;  or  {d)  inhibit,  augment,  or  stop  any  other  efferent 
action. 

It  is  a  law  of  action  iu  all  nerve-fibres,  and  corresponds  with  the  con- 
tinuity and  simplicity  of  their  course,  that  an  impression  made  on 
any  fibre,  is  simply  and  uniuterruptedly  transmitted  along  it,  without 
itself  being  imparted  or  diffused  to  any  of  the  fibres  lying  near  it.  It 
is  possible  that  the  mere  passage  of  a  nerve  impulse  along  a  nerve-fibre, 
however,  may  produce  some  effect  upon  the  neighboring  nerve-fibres. 
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Their  adaptation  to  the  purpose  of  simple  condnction  is,  perhaps,  doe 
to  the  contents  of  each  fibre  being  completely  isolated  from  those  of  ad- 
jacent fibres  by  the  myelin  sheath  in  which  each  is  inclosed,  and  which 
acts,  it  may  be  supposed,  just  as  silk,  or  other  non-conductors  of  elec- 
tricity do,  which,  when  covering  a  wire,  prevent  the  electric  condition 
of  the  wire  from  being  conducted  into  the  surrounding  medium. 

Velocity  of  a  Nervous  Impuhe.  — The  change  which  a  stimulus  sets  up  in 
a  nerve,  of  the  exact  nature  of  which  we  are  unacquainted,  appears  to  travel 
along  a  nerve-fibre  in  both  directions  with  considerable  velocity  in  the 
form  of  a  wave.     Helmholtz  and  Baxt  have  estimated  the  average  rate 
of  conduction  in  human  motor  nerves  at  111  feet  (nearly  29  metres)  per 
second ;  this  result  agreeing  very  closely  with  that  previously  obtained. 
It  is  probably  rather  under  than  over  the  average  velocity.      Rutherford's 
observations  agree  with  those  of  Von  Wittich,  that  the  rate  of  transmis- 
sion in  sensory  nerves  is  about  140  feet  (42  metres)  per  second.     The 
velocity  of  the  nerve  impulse  in  motor  nerves  has  been  calculated  by  notic- 
ing the  duration  of  the  interval  between  two  contractions  of  the  same 
muscle  when  stimulated  by  means  of  two  pairs  of  electrodes,  one  placed 
behind  the  nerve  close  to  the  muscle,  and  the  second  placed  at  a  knovn 
distance  further  away  from  the  muscle.     The  contraction  ensues  when 
the  stimulus  is  applied  further  from  the  muscle  later  than  the  other 
case,  and  the  interval  between  the  two  contractions  is  occupied  by  the 
passage  of  the  impulse  down  the  nerve.     With  these  data  it  is  concluded 
that  the  velocity  of  the  passage  of  the  nerve  impulse  in  a  frog's  motor 
nerve  is  28  to  30  metres  per  second.     In  the  human  motor  nerve,  cal- 
culated by  applying  the  stimulus  through  the  skin  instead   of  directly 
to  the  nerve,  the  velocity  is  greater,  viz.,  about  33  to    50  metres  per 
second.     In  sensory  nerves  the  velocity  is  said  to  be  about  30  to  33 
metres  per  second.     Various  conditions  modify  the  rate  of  transmission, 
of  which  ietnperature  is  one  of  the  most  important,  a  very  low  or  a  very 
high  temperature  diminishing  it\  fatigue  oi  the  nerve  acting  in  the 
same  direction,  but  increase  of  the  stimulus  up  to  a  certain  point  increaa* 
ing  it,  as  does  also  the  catelectrotonic  condition  of  the  nerve. 

Tlie  CerebrO' Spinal  Xervous  System, — The  parts  of  which  this  sys- 
tem is  composed  are  the  following:  (a)  the  spinal  cord  and  its  nerves; 
{h)  the  brain  made  up  of  cerebrum,  crura  cerebri  and  the  ganglia  in  con- 
nection with  them,  pons  varolii,  cerebellum,  and  the  medulla  oblongata 
or  bulb  which  connects  the  upper  parts  of  the  system  with  the  spinal 
cord,  or  medulla  spinalis. 

All  of  these  parts  of  the  nervous  system  are  nerve-centres,  in  con- 
tradistinction to  nerve- trunks,  and  differ  from  the  nerves  in  being  made  up 
of  nerve-cells  and  their  branchings  as  well  as  of  nerve-fibres.     There  are 
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other  ganglia  besides  these»  dietribnted  elsewhere  and  not  within  the 
cranium  and  spinal  cohimii,  hut  these  are,  for  the  sake  of  convenience, 
considered  apart,  under  the  head  of  the  sympathetic  system,  as  they 
present  some  differences  to  the  more  central  ganglia. 

The  cerebro-spinal  centres  then  are  distinguished  from  mere  nerve- 
trunks  by  the  poaseeeion  of  nerve-cells;  these  are,  as  we  have  seen  in  a 
former  chapter  (p,  96  ei  seq.)^  of  different  kinds;  they  very  possibly 
differ  in  funetion*  It  is,  however,  to  the  possession  of  ganglion-cells 
that  the  increase  of  the  functions  of  nerve-centres  over  that  of  nerve- 
trunks  is  credited.  Before  turning  to  the  discussion  of  the  fonctionfl  , 
of  the  spinal  cord  it  will  be  as  well  to  devote  a  little  time  therefore  to 
the  question  of  the  functions  of  the  nerve-centres  in  generaL  The 
ganglia  of  the  sympathetic  system  also  contain  nerve-cells,  but  to  these 
it  is  supposed  a  different  use  is  to  bo  assigned,  and  what  is  said  as  to  the 
functions  of  nerve-ganglia  in  this  place  is  only  to  be  applied  to  those 
of  the  cerebro-spinal  centres. 


Functions  of  ^'erve-centres* 

Reflex  actioo* — One  of  the  chief  functions  of  nerve-cells  appears 
to  be  the  power  of  sending  out  impulses  to  the  periphery  along  efferent 
nerves  in  response  to  impulses  reaching  them  through  afferent  nerves. 
This  power  is  sometimes  called  the  conversion  of  an  afferent  into  an 
efferent  impulse.  If  may  he  supposed  that  an  impidse  passing  to  a  | 
nerve-cell  may  produce  such  a  change  in  its  metabolism  that  a  discharge 
of  energy  ensnea.  This  discharge  is  in  some  way  passed  down  an  efferent 
nerve  as  stimulus,  and  effects  some  change — motor,  secretory,  or  nutri- 
tive, at  the  peripheral  extremity  of  the  latter^ — the  difference  in  effect 
depending  on  the  kind  of  peripheral-nerve  termination.  The  reflex  action 
may  be  limited  in  its  effect,  or  it  may  be  extensive,  lleflex  movements,  oc- 
curring quite  independently  of  sensation,  are  generally  called  fj-c/Zo-wjo/or; 
those  which  are  guided  or  acompauied  hy  sensation,  but  not  to  the  extent 
of  a  distinct  perception,  or  intellectual  process,  are  termed  itemori'moior. 

{a)  For  the  manifestation  of  every  reflex  action,  these  things  are 
necessary:  (1),  one  or  more  perfect  afferent  fibres,  to  convey  an  impres- 
sion; (2),  a  nervous  centre  for  its  reception,  and  hy  which  it  may  t>e  re- 
flected; (3),  one  or  more  efferent  nerve-fihres,  along  which  the  impres- 
sion may  be  conducted  to  (•4)  the  muscular  or  other  tissue  by  which  the 
effect  is  manifested.  In  the  absence  of  any  one  of  these  conditions,  a 
proper  reflex  action  cannot  take  place. 

(^)  All  reflex  actions  are  essentially  involuntary^  though  most  of 
them  admit  of  being  modified,  controlled,  or  prevented  by  a  voluntary 
effort. 


634  HANDBOOK  OP  PHYSIOLOGY. 

{c)  Beflex  actions  performed  in  health  have,  for  the  most  part,  a  dis- 
tinct purpose,  and  are  adapted  to  secure  some  end  desirable  for  the  ivdl- 
being  of  the  body;  but,  in  disease,  many  of  them  are  irregular  and 


(d)  Muscular  contractions  produced  by  reflex  action  are  often  more 
sustained  than  those  produced  by  the  direct  stimulus  of  motor  nerres 
themselves.  The  irritation  of  a  muscular  organ,  or  its  motor  nerre, 
produces  contraction  lasting  only  so  long  as  the  irritation  continues; 
but  irritation  applied  to  a  nervous  centre  through  one  of  its  cenfaripetal 
nerves,  may  excite  reflex  and  harmonious  contractions,  which  last  some 
time  after  the  withdrawal  of  the  stimulus. 

Relations  between  the  Stimulus  and  the  Effect  produced.  — Certain  rules 
showing  the  relation  between  the  resulting  reflex  action  and  the  stimuloB 
have  been  drawn  up  by  Pfluger,  as  follows: — 

1.  Law  of  unilateral  reflection. — A  slight  irritation  of  the  surface 
supplied  by  certain  sensory  nerves  is  reflected  along  the  motor  nerves  of 
the  same  region.  Thus,  if  the  skin  of  a  frog^s  foot  be  tickled  on  the 
right  side,  the  right  leg  is  drawn  up. 

2.  Lata  of  symmetrical  reflection, — A  stronger  irritation  is  reflected, 
not  only  on  one  side,  but  also  along  the  corresponding  motor  nerves  of 
the  opposite  side. 

3.  Law  of  intensity. — In  the  above  case,  the  contractions  will  be 
more  violent  on  the  side  irritated,  but  it  must  not  be  assumed  that  the 
effect  is  always  in  proportion  to  the  strength  of  the  stimulus. 

4.  Law  of  radiation, — If  the  irritation  (afferent  impulse)  increases, 
it  is  reflected  along  other  motor  nerves  till  at  length  all  the  muscles  of 
the  body  are  thrown  into  action. 

In  the  simplest  form  of  reflex  action  a  single  nerve-cell  with  an 
afferent  and  an  efferent  fibre  may  be  supposed  to  be  concerned,  but  in  the 
majority  of  actual  actions  many  cells  are  probably  engaged,  the  stimu- 
lus being  distributed,  which  act  in  concert  or  co-ordination. 

The  reflex  effect  produced  by  a  stimulus  applied  to  a  sensory  surface 
depends,  however,  not  only  upon  the  strength  of  the  stimulus,  but  also 
upon  other  circumstances,  the  most  important  of  which  is  the  condi- 
tion of  the  nerve-centre  itself.  Looking  upon  the  effect  produced  as 
the  result  of  the  discharge  as  it  were  of  energy  from  the  centre,  it  may 
be  supposed  that  sometimes  the  centre  is  in  a  more  explosive  condition 
than  at  another;  this  is  shown  for  example  in  the  case  of  a  frog  poisoned 
by  strychnine,  when  the  slightest  stimulus  applied  to  the  skin  will  pro- 
duce the  most  violent  and  general  tetanic  spasms,  while  under  ordinary 
circumstances  the  contraction  of  a  few  muscles  only  would  result.  We 
must  also  suppose  that  the  centres  are  particularly  sensitive  to  particu- 
lar kinds  of  stimuli,  sometimes  producing  very  extensive  and  violent 
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muscular  actions  in  response  to  a  slight  stimulns  of  a  Bpecial  kind. 
Such  a  condition  is  illustrated  in  the  violent  and  general  mu&cular 
spasma  occurring  when  a  small  particle  of  food  passes  into  the  krynXi 
violent  expiratory  spasms  accompanied  by  contractions  of  other  muscles 
taking  place. 
K  A  ner?e-centre  must  be  considered   as  capable  by   its  connections 

■  with  efferent  nerves  of  producing  most  extensive  muscular  movements, 
and  when  from  any  reason,  either  by  the  intensity  of  the  afferent 
stimuli  reaching  it,  or  by  the  special  nature,  extent,  or  point  of  appli- 
cation of  the  afferent  stimuli,  or  by  special  changes  in  its  own  metabol- 
ism brought  about  by  poison  or  by  some  other  means,  a  maximum  dia- 

I    charge  takes  place,  the  resulting  movements  are  most  extensive.     Under 

■  ordinary  conditions,  however,  a  slight  stimulus  produces,  as  above  men- 
tioned, only  a  moderate  discharge  from  the  centre,  the  movement  being 

ft    to  a  certain  extent  co-extensive  with  the  strength  of  the  stimulns, 
'  The  time  taken  in  a  reilex  action  has  been  found  to  he  ,vm  to  .058 

second,  but  this  is  only  a  rough  and  arbitrary  estimation, 

Atitomatism. — ►A  second  function  which  aj^pears  to  Ije  possessed  by 
certain  nerYc-centres  and  not  by  others  is  that  of  tiotomatic  action  or 
automatism.  By  this  is  meant  that  it  is  not  dependent  for  its  discharge 
upon  any  afferent  stimuli,  but  that  it  is  capable  of  sending  out  of  itself 
efferent  impulses  of  various  kinds.  Tlie  centre  may  he  supposed  to  do 
this  by  the  nature  of  ita  own  metabolism,  ana^iolism  or  building  up  of  the 
explosive  substance  l>eiug  followed  by  katabdism  or  its  discharge.  So 
that  the  centre  sends  out  its  impulses  to  muscles  rhythmically.  Such 
a  power  of  automatism  we  have  seen  is  attributed  to  the  respiratory  cen- 
tres  in  the  bulb. 

Inhibition  and  Augmentation. — Ntit  only  may  movements  of 
muscles,  discharge  of  secretion  from  gland-cells  and  the  like  be  produced 
by  afferent  impulses  reaching  nerve-centres,  but  also  inhibition  of  action 
which  is  already  taking  place.  This  is  well  seen  in  the  matter  of  the 
inhibitory  action  of  the  vagus  upon  the  cardiac  contractions.  The  vagi 
convey  to  the  heart  impulses  from  the  cariio-inhibitory  centres  which 
have  a  restraining  action  upon  the  contra-Hions  of  the  heart,  as  is  seen 
by  the  increase  in  the  frequency  of  the  luiart-beats  when  the  vagi  are 
divided;  but  we  have  seen  that  appropriate  afferent  stimuli,  as,  for 
example,  when  applied  to  the  abdominal  sj^ipnthetic,  may  increase  the 
action  of  the  centre  to  such  an  extent  that  the  heart  may  l>e  altogether 
stopped  in  diastole.  In  such  a  case  the  result  of  the  afferent  stimuli 
upon  the  centre  has  been  to  produce  complete  inhibition  and  not  mus- 
cular contraction.  This  is  not  the  only  example  of  inhibition  which 
might  be  instanced;  the  action  of  almost  any  centre  may  be  inhibited 
by  impulses  reaching  it;  indeed  the  effec  1  of  afferent  impulses  upon  a 
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centre  may  be  not  only  not  to  set  it  into  activity^  but  to  prevent 
stop  an  action  already  going  on.  On  the  other  hand»  the  action 
afleront  impulses  upon  a  nerve-centre  may  be  to  augment,  render  mai 


Fipf.  84(1— Vi^w  of  the  L^rubm-apinal  ftxis  <»f  the  nervoun  Kvst*-m.  The  right  lulf  Off 
CTanium  ma  trunk  of  tlit^  botly  has  U^n  remove*!  by  a  vertical  sik^iioii;  the  membraxicfl  of  I 
bmin  and  spinal  cord  havt?  alKo  bwn  removeti,  and  tiw  roots  an<l  ftrst  iMTt  .if  th«^  flftOi  and  Hi 
cranial,  and  of  all  KoiDal  nerves  of  th.?rlsfht8irto,  have  beijn  dirtJtectiHl  out  and  laid  se-jmnxelj 
til*?  wall  of  the  «lnill  and  on  the  severil  vertebras  opposite  to  the  place  of  their  natural  exitfl 
the  crajiio-ftplnal  cavity.     CAfter  Boiirgery.) 

powerful  or  extensive,  and  increase  in  a  certain  direction  an  actifl 
already  in  course.     Such  may  be  well  illustrated  by  the  action  of 
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LTagi  upon  the  respiratory  centres  to  which  attention  haa  been  dra^vn  in 
fthe  chapter  ujxnn  respiration. 

Membranes  of  the  Brain  and  Spinal  Cord.— The  Brain  and  Spinal  Cord  ajre 
enveioped  in  tkre*?  membranes — (1)  the  Dura  MaU^r,  (2)  the  Arachnoid,  (3) 
the  Pia  Mater 

(1)  The  Dtira  Matter,  or  external  coverini:,  ih  a  tou^'ji  membrane  oompoged  of 
bundles  of  eonnectivo- tissue  which  crtw.s  at  various  aii^le^,  tind  in  whose  inter- 
Btices  branched  eonnective- tissue  cori^iirteles  lie  :  it  is  limsi  by  a  tliin  elastic  iiiem- 
hntne,  and  on  the  inner  Hurface  and  where  it  is  not  adherent  to  tlie  l^Kjne,  on  the 
outer  fiurfiiee  also  is  a  layer  of  endothelial  cells  very  similar  to  those  found 
in  serouB  membranes,  (3.)  The  Arachnoid  \&  a  much  morti  delicate  mem- 
brane, ver>'  similar  in  fttmctiire  to  the  dura  mater,  and  lined  on  it«  outer  or 
free  surface  by  an  endothelial  membrane. 

(3.  )Tlie  Pin  Mater  conaista  of  tii^'o  cliief  layers,  between  which  numerous  blood- 
Teasels  ramify.  Between  the  arachnoiil  and  pia  mater  is  a  network  of  fibrous- 
tissue  tral)eeulie  nheathed  with  endothelial  cellH :  these  sub-arachnoid  traboculfle 
diride  up  ihe  sub  arachnoid  space  into  a  numljcr  of  irreKidiir  sitmse«.  Tliere 
are  some  similar  trabeculfe.  but  much  fewer  in  number,  traversing  the  subdural 
space,  i.e.,  the  space  between  the  diu'a  injiter  and  arachnoid. 

Pacchimiian  Ixidies  an^  growths  from  the  sub-arachnoid  network  of  connec- 
tive-tissue trabecular  which  project  through  small  holes  in  the  inner  layers  of 
the  dura  mater  into  the  venous  winuses  of  that  memhi-ane,  Tlie  venous  sinuses 
of  the  dura  mater  have  been  injected  from  the  sub- arachnoidal  space  through 
the  intermediation  of  these  villous  outgrowths. 

The  Sptnat  Cord  and  its  Nerves, 

The  Spinal  corti  is  a  cylindriform  cohimn  of  tierve-substance  con- 
nected above  with  the  brain  through  the  medium  of  the  bo  lb,  und  ter- 
minating below,  uhout  the  lower  border  of  the  tirst  kinibar  vertebra,  in  a 
slender  filament  of  gray  suhstance,  the  fihim  iermimik,  which  lies  in  the 
midst  of  the  roots  of  many  nerves  forming  the  caNda  vcpiina. 

Structure. — The  cord  is  composed  of  white  and  gray  nervous  sob- 
stance,  of  which  the  former  is  situated  externally,  and  constitutes  it^  chief 
portion,  while  the  latter  occupies  its  central  or  axial  portion,  and  is  so 
arranged,  that  on  the  surface  of  a  transverse  seetion  of  the  cord  it 
appears  like  two  somewhat  crescent ic  maasee  connected  together  by  a 
narrower  portion  or  isthmus  (fig.  !i50).  Paasmg  through  the  centre  of 
this  isthmus  in  a  longitudinal  direction  is  a  minute  canal  (central 
caniil),  which  is  continued  through  the  whole  length  of  the  cord,  and 
opens  above  into  the  apace  at  the  back  of  medulk  oblongata  and  pons 
Varolii,  called  the  fourth  ventricle.  It  ia  lined  by  a  layer  of  columnar 
ciliated  epithelium. 

The  spinal  cord  eonsisia  of  two  exactly  symmetrical  halves,  separated 
anteriorly  and  posteriorly  by  vertical/.^Kwres  (the  posterior  fissure  being 
deeper,  but  less  wide  and  distinct  than  the  anterior),  and  united  in  the 
middle  by  nervous  matter  which  is  u^ially  described  as  forming    two 
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commissureB — an  anterior  commissore,  in  front  of  the  central  caml^ 
consisting  of  medullated  uerve-fibres,  and  a  posterior  comtmmit 
behind  the  central  canal  consisting  also  of  meduUated  nerve-fibre*,  hot 
with  more  neuroglia,  which  gives  the  gray  aspect  to  this  conmuatui 
{fig.  350  b).  Each  half  of  the  spinal  cord  is  marked  on  the  sides  (ob- 
scnrely  at  the  lower  part,  but  distinctly  above)  by  two  longitudinal  fur- 
rows,  which  divide  it  into  three  portions,  coinmns,  or  tracts,  an  anieri^^ 
iaieral,  and  pmterior.  From  the  groove  between  the  anterior  and  latm] 
columns  spring  the  anterior  roots  of  the  spinal  nerves  (b  and  c,  5);  and 
just  in  front  of  the  groove  between  the  lateral  and  posterior  column 


Tig'  SSn.— I>ifl'€'reiitview«  of  a  portion  of  the  spinal  cord  from  th#*  cervical  reirion,  mith  ih 
roots  of  the  nerve's  i  slightly  #»iilari?e^!>.  Iti  a*  the  anterior  siirfao**  of  t*—  -  '---ni»»u  is  shown  ■  tbe 
AulcNor  iiervf  root  nf  its  Hk-IiI  »^w*  hHnff  divided:  in  b.  a  view  of  i?  w*  is  plvpti:  (u  c 

Llie  upi>Hr  mirfint*  is  siiown;  in  u,  tht?  tierr^-rt,H»t«*  and  p^ni^lion  are  n  lielour^     I.  Tht 

aatenor  mi*diaQ  tlaaurvi;  a.  posterior  oitMllfui  flt»»upo:  S.  auterior  lat^io.  ^;.  ('.<  ^r^loo.  OTer  which 
tbt.':  aaterior  tusrve-roola  are  Been  to  spread;  4^  potf;tt*rior  latJ^ral  jirrooTe.  into  whicli  the  poctrnor 
roocj^  are«ie<<^D  teslok;  S,  anterior  root«  naMlnj^  tlie  gani^lion:  5\  in  a.  tbe  anterior  root  diridfd: 
e,  ilie  poflterlor  roots,  the  fibres  of  whicD  pttsA  into  tiie  ^anj^Iion  6";  7,  the  tinited  or  oompouad 
nene:  7\  the  posterior  prlmarj'  branch,  set-n  in  a  and  n  to  be  derived  la  part  trom  the  aalarte 
and  ln|jart  from  the  posterior  rocjt.     (Allt-n  Tlioms^m, ) 

arise  the  f/Oi^ferior  roots  of  the  same  {b,  G):  a  pair  of  roots  on  each  side 
corresponding  to  each  vortebra  {fig.  iJoD). 

White  matten — ^The  white  matter  of  the  cord  is  seen  to  be  made 
up  of  nvedu Hated  nerve-fibres,  of  dififerent  sizes,  and  arranged  longi- 
tudinally, and  of  a  supporting  material  of  two  kinds,  viz.  :—{a)  ordin&rr 
fibrous  connective  tissue  with  elastic  fibres,  which  is  connected  with^ 
septa  from  the  pia  mater  which  pass  into  the  cord  to  carry  the  bloodlf 
vessels,  (b)  Xeuroglia;  this  materisi!  is  made  up  of  branching  cells  (fig. 
352),  the  bodies  of  which,  in  consequence  of  the  high  development  of 
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E branchings,  are  emalJ.      The  proceaaea  of  the  nenroglia-ceOs  are 
^ged  BO  as  to  support  the  nerve-fibrea  whirh  are  without  the  usual 
external  nerve  sheaths.     Neuroglia  was  formerly  eonsidered   to  be  a 
kind  of  adenoid  tissue,  but  is  now  considered  to  be  a  distinct  material* 
I      It  is  derived  from  the  neural  epi blast,  aud  yields  neuro- keratin. 
H       The   general  rule  respecting  the  size  of  different  parts  of  the  cord 
^appears  to  be,  that  each  part  is  in  direct  proportion  in  this  respect  to  the 
size  and  number  of  nerve*  roots  given  off  from  it,  and  has  but  little  re  la- 
lion  to  the  size  or  number  of  those  given  off  below  it.     Thus  the  cord  is 
[▼ery  large  in  the  middle  and  low^r  part  of  its  cervical  portion,  whence 
I  Arise  the  large  nerve-roots  for  the  formation  of  the  brachial  plexuses  and 
[the  supply  of  the  upper  extremities,  and  again  enlarges  at  the  lowest 


T\f^,  351,— SectJf^n  of  gn^y  mAtU*r  of  anterior  conau  of  a  calf's  etpinal  cord:  a,  ncrve-flbrea  of 
while  matter  In  trauaverae  section,  iihovrluK  dlxIb-chj Under  in  cenln;  of  each;  r,  Xargv^  stellate 
oenreK^Us  vrttb  nuclt;!  and  three  proJoD^atioas.     (C^adii&t) 


» 


part  of  its  dorsal  portion  and  the  upper  part  of  its  lumbar^  at  the  origins 
of  the  large  nerves  which,  after  forming  the  lombar  and  sacral  plexuses, 
are  distributed  to  the  lower  extremities.  The  cbief  cause  of  the  greater 
eize  at  these  parts  of  the  spinal  cord  is  increase  in  the  quantity  of  gray 
tnatter;  for  there  seems  reason  to  believe  that  the  white  part  of  the 
cord  becomes  gradually  and  progressively  larger  from  below  upward, 
doubtless  from  the  addition  of  a  certain  number  of  upward  passing 
fibres  from  each  pair  of  nerves. 

From  careful  estimates  of  the  number  of  nerve-fibres  in  a  transverse 
section  of  the  cord  toward  its  upper  end,  and  the  number  entering  or 
issuing  from  it  by  the  anterior  and  posterior  roots  of  each  pair  of  nerves, 
it  has  ]>een  shown  that  in  tlie  human  spinal  cord  not  more  than  half 
of  the  total  number  of  nerve-fibres  of  all  the  spinal  nerves  are  contained 
in  a  transverse  section  near  its  upper  end*     It  is  obvious,  therefore,  that 
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at  least  half  of  the  nerye-fibres  entering  it  mnst  terminate  somewhere  in 
the  cord  itself. 

Gray  matter. — The  gray  matter  of  the  cord  consists  of  mednllated 
fibres,  most  of  which  are  very  fine  and  delicate,   of   nerve-cells  with 


Fig.  852.— A.  Branched  neuroglia-oells.    (After  Stfihr.) 

branching  processes,  and  of  an  extremely  delicate  network  of  the  primi- 
tive fibrillse  of  axis-cylinders.  This  fine  plexus  is  called  Oerlach^s  net- 
workf  and  is  mingled  with  the  meshes  of  neuroglia,  which  in  some  parts 
is  chiefly  fibrillated,  in  others  mainly  granular  and  punctiform.  The 
neuroglia  of  the  gray  matter  resembles  that  of  the  white,  but  instead  of 
everywhere  forming  a  close  network  to  support  the  nerve-fibres,  here 
and  there  it  is  in  the  form  of  a  more  open  sponge-work  to  support  the 
nerve-cells.  It  is  especially  developed  around  the  central  canal,  which 
is  lined  with  columnar  ciliated  epithelium,  the  cells  of  which  at  their 
outer  end  terminate  in  fine  processes,  which  join  the  neurogliar  network 
surrounding  the  canal,  and  form  the  substantia  gelutinosa  centralis.  It 
is  also  developed  at  the  tip  of  the  posterior  cornu  of  gray  matter,  form- 
ing what  is  known  as  the  substantia  gelatimsa  lateralis  of  Bolando, 
through  which  the  posterior  nerve-roots  pass. 

Groups  of  cells  in  gray  matter, — The  multipolar  cells  are  either 
scattered  singly  or  arranged  in  groups,  of  which  the  following  are  to  be 
distinguished  on  either  side — certain  of  the  groups  being  more  or  less 
marked  in  all  of  the  regions  of  the  cord,  viz.,  those  {a)  in  the  anterior 
cornu,  and  (b)  those  in  the  posterior  cornu. 

{a)  The  cells  in  the  anterior  cornu  are  large  and  branching,  and 
each  gives  rise  to  an  axis-cylinder  process  which  passes  out  in  the 
anterior  nerve-root.  These  cells  are  everywhere  conspicuous,  but  are 
particularly  numerous  in  the  cervical  and  lumbar  enlargements.  In 
these  districts  they  may  be  divided  into  several  groups — (i.)  a  group  of 
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large  cells  close  to  the  tip  of  the  inner  part  of  the  anterior  cornu — all 
the  cells  of  the  anterior  corDU  in  the  dorsal  or  thoracic  region  are  said 
to  belong  to  this  group;  (ii,)  several  lateral  groups  (2,  a,  b^  and  f,  fig. 
353)  on  the  outer  side  of  the  gray  matter,  and  (iii.)  a  certain  number  of 
cells  at  the  base  of  the  inner  part  of  the  anterior  cornu  particularly  well 
marked  in  the  thoracic  region,  {b)  Cells  of  the  posterior  cornu — the«© 
are  not  numerous;  they  are  small  and  branched^  and  each  probably  haa 
an  axis-cylinder  process  passing  oflf;  but  these  processes  do  not  pass 
into  the  posterior  nerTe-roots.  The  groups  are  two  at  least  in  number, 
Tiz.,  (i.)  in  connection  with  the  edge  of  the  gray  matter  externally^ 
where  it  is  considerably  broken  up  by  the  passage  of  bundles  of  fibres 
through  it,  and  called  the  lateral  rHicithir  format  ion:  and  (ii.)  in  con- 
nection with  a  similar  reticular  formation,  more  at  the  tip  of  the  gray 
matter  of  the  posterior  cornu;  this  is  known  as  the  posterior  retieular 
formation. 

The  other  groups  of  cells  (not  represented  in  fig.  353)  are  almost,  if 
not  entirely,  confined  to  the  thoracic  region  of  the  cord,  and  are  two 
in  number,  viz. ;  one  situated  at  the  base  of  the  posterior  cornu,  formed 


Tix.  Ssa— Section  of  spinal  conL  oni*  hnlf  of  which  {loft)  ahows  Uie  tracts  of  the  wliito 
matter,  and  the  other  half  criKht)  tthowH  rht>  tKwitioti  of  ihe  nerve  oella  in  the  grajr  matter.  7, 
10,  0  and  Sara  tracts  of  demH^tiilitifi^  rlei^neraMoii,  1,  4,  (}  and  6,  of  aaoendlag  degmemlion.  Semt* 
dla^ratiuoatic.     (After  Sherriiigtoii.) 


of  fairly  large  cells,  generally  fusiform,  and  poaaibly  of  two  distinct 
kinds,  constitutes  the  posterior  ve,nciflttr  column  of  Lockhart  Clarke^  and 
the  other  situated  on  the  outer  portion  of  the  gray  matter,  about  mid- 
way l>etween  the  anterior  and  posterior  eornua,  constitutes  the  cells  of  the 
tracivs  intermedio-kteraUii  or  lateral  gray  column.     These  cells  are  small 
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and  spindle-shapedy  and  are  more  or  less  well  marked  in  the  lumbar 
region  as  well  as  in  the  thoracic  region. 

Columns  and  tracts  in  the  white  matter  of  the  spinal  cord. — In  addition 
to  the  columns  of  the  white  matter  which  are  marked  out  by  the  pointi 
from  which  the  nerve-roots  issue,  and  which  are  the  anterior^  the  laimi 
and  posterior  J  the  posterior  is  further  divided  by  a  septum  of  the  pia 
mater  into  two  almost  equal  parts,  constituting  the  pogtero-extemal 
column,  or  column  of  Burdach  (fig.  353,  2),  KxA^^posiertMnedian^fa 
column  of  Ooll  (fig.  353,  1).  In  addition  to  these  columns,  however,  it 
has  been  shown  that  the  white  matter  can  be  still  further  subdivided. 
This  subdivision  has  been  accomplished  by  evidence  of  several  kinds, 
that  the  parts  or,  as  they  are  called,  tracts  in  the  white  matter,  perform 
different  functions  in  the  conduction  of  impulses. 

The  methods  of  observation  are  the  following: — 

(a)  The  embryological  method.  It  has  been  found  that  if  the  develop- 
ment of  the  spinal  cord  be  carefully  observed  at  different  stages  that  cer- 
tain groups  of  the  nerve-fibres  put  on  their  myelin  sheath  at  earlier  peri- 
ods than  others,  and  that  the  different  groups  of  fibres  can  therefore  be 
traced  in  various  directions.     This  is  known  as  the  method  of  Flechsig. 

(b)  Wallerian  or  degeneration  method. — This  method  depends  upon 
the  fact  that  if  a  nerve-fibre  is  separated  from  its  nerve-cell,  it  wastes  or 
degenerates.  It  consists  in  tracing  the  course  of  tracts  of  degenerated 
fibres,  which  result  from  an  injury  to  any  part  of  the  central  nervong 
system.  When  fibres  degenerate  below  a  lesion  the  tract  is  said  to  be 
of  descending  degeneration^  and  when  the  fibres  degenerate  in  the  oppo- 
site direction  the  tract  is  one  of  ascending  degeneratio7i.  By  modem 
methodstof  staining  of  the  central  nervous  system  it  has  proved  com- 
paratively easy  to  distinguish  degenerated  parts  in  sections  of  the  cord 
and  of  other  portions  of  the  central  nervous  system.  Degenerated 
fibres  have  a  different  staining  reaction  when  the  sections  are  stained 
by  what  are  called  Weigert's  and  Pal's  methods,  which  consist  of  sub- 
jecting them  to  a  special  solution  of  haematoxylin,  and  then  to  special 
differentiating  solutions.  The  degenerated  fibres  appear  light  yellow, 
whereas  the  healthy  fibres  are  a  deep  brown  or  black.  Accidents  to  the 
central  nervous  system  in  man  have  given  us  much  information  upon 
this  subject,  but  this  has  of  late  years  been  supplemented  and  largely 
extended  by  the  experiments  on  animals,  particularly  upon  monkeys; 
and  considerable  light  has  been  by  these  means  shed  upon  the  conduc- 
tion of  impulses  to  and  from  the  nervous  system  by  the  study  of  the 
results  of  section  of  different  parts  of  the  central  nervous  system,  and 
of  the  spinal  nerve-roots.  Thus  we  have  not  only  embryological  evi- 
dence mapping  out  different  tracts,  but  also  confirmatory  pathological 
and  experimental  observations. 
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The  tracts  which  have  been  made  out  are  the  following: — 
{a)  Of  descending  degeneration. 

( i . )  The  croiised  pyra  m  ida  I  £  rati  (fig,  353,7).  — T  h  is  tract  i  s  si  tuated 
to  the  outer  part  of  the  poeterior  comu  of  gray  matter.  It  is  found 
throughout  the  whole  length  of  the  spinal  cord ;  at  the  lower  part  it  ex- 
tends to  tho  margin  of  the  cord,  but  higher  up  it  becomes  displaced 
from  this  position  by  the  interpolation  of  another  tract  of  fibres,  to  he 
presently  described,  viz.,  the  direct  cerebellar  tract.  The  crossed 
pjTaraidal  tract  ia  large,  and  may  touch  the  tip  of  gray  matter  of  the 
posterior  cornn,  but  is  separated  from  it  elsewhere.  In  shape  on  cross- 
section  it  is  somewhat  like  a  lens,  but  varies  in  different  regions  of  the 
cord,  and  diminishes  in  size  from  the  cervical  region  downward. 
The  tract  is  particularly  well  marked  out,  both  by  the  degeneration  and 
the  embryological  methods.  The  fibres  are  supposed  to  pass  off  as  they 
descend,  and  to  join  the  various  local  nervous  mechanisms  of  nerve  cells 
and  their  branchings  which  are  represented  in  the  cord.  The  tract  of 
degeneration  may  be  traced  upward  beyond  the  cord,  in  a  way  to  be 
presently  described.  The  fibres  of  which  this  tract  is  composed  are 
moderately  large,  but  are  mixed  with  some  that  are  smaller. 

(ii.)  The  direct  ar  nmrossed  pyrarmdal  tract  (fig.  353,  10). — This 
tract  is  situated  in  the  anterior  colnran  by  the  sides  of  the  anterior 
fissure.  It  is  smaller  than  {i.)j  and  is  not  present  in  all  animals, 
though  conspicuous  in  the  human  cord  and  in  that  of  the  monkey.  It 
can  be  traced  upward  to  the  cerebral  cortex,  and  downward  as  far  as 
the  mid  or  lower  thoracic  region,  where  it  ends. 

(iii.)  AnterO'laieral  descending  tract  {fig.  353,9). — An  extensive 
tract,  elongated  hut  narrow,  and  reaching  from  the  crossed  to  th»  direct 
pyramidal  tract.  It  is  a  mixed  tract,  since  not  all  of  its  fibres  degenerate 
below  the  lesions. 

(iv.)  Comma  tract  (^g,  353,  3)  is  a  small  tract  of  fibres  which  degen- 
erate below  section  or  injury  of  the  cord.  Its  presence  has  been  demon- 
strated in  the  cervical  and  thoracic  regions*  It  is  supposed  to  consist  of 
the  longitudinal  fibres  of  the  posterior  nerve-roots  as  they  pass  up  in 
the  postero-external  columns. 

{h)  Of  ascending  degeneration. 

(i.)  Podero-nmlitiH  column  (fig.  353,1)* — This  tract  degenerates  up- 
ward on  injury  or  on  section  of  the  cord,  as  well  as  on  section  of  the 
posterior  nerve  roots.  It  exists  throughout  the  whole  of  the  cord  from 
below  up,  and  can  be  traced  into  the  bulb.     It  consists  of  fine  fibres. 

(ii.)  Direct  cereheUar  tract  (fig.  353,  fi), — This  tract  is  situated  on  the 
outer  part  of  the  cord  between  the  crossed  pyramidal  tract  and  the  mar- 
gin. It  is  found  in  the  cervical,  thoracic  and  upper  lumbar  regions  of 
the  cord,  and  increases  in  size  from  below  upward.     It  degenerates  on 
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injury  or  section  of  the  cord  itself,  but  not  on  section  of  the  posterior 
nerve-roots.  As  its  name  implies  it  is  believed  to  pass  ap  into  the  cere- 
bellum.    Its  fibres  are  coarse. 

(iii.)  AnterO'lateral  ascending  trad  (Tract  of  Gotoers  and  Twtk) 
(fig.  353,  8). — This  tract  has  been  shown  on  injury  to  the  spinal  cord; 
it  is  situated  at  the  margin  of  the  cord  outside  of  the  corresponding 
descending  tract.  It  is  traceable  throughout  the  whole  length  of  the 
cord.     Its  fibres  are  composed  of  mixed,  fine  and  coarse,  elements. 

(iv.)  Tract  of  Lissauer,  or  posterior  marginal  zone  (fig.  353,  4).— A 
small  tract  of  ascending  fibres  situated  at  the  outer  side  of  the  tip  of 
the  posterior  cornu.     It  is  made  up  of  fibres  of  the  posterior  nerve-roots. 

Spinal  Nerves. — The  spinal  nerves  consist  of  thirty-one  pairs,  issuing 
from  the  sides  of  the  whole  length  of  the  cord,  their  number  correspond- 
ing with  the  intervertebral  foramina  through  which  they  pass.  Each 
nerve  arises  by  two  roots,  an  anterior  and  posterior,  the  latter  being  the 
larger.  The  roots  emerge  through  separate  apertures  of  the  sheath  of 
dura  mater  surrounding  the  cord;  and  directly  after  their  emergence, 
where  the  roots  lie  in  the  intervertebral  foramen,  a  ganglion  is  fonnd 
on  the  posterior  root.  The  anterior  root  lies  in  contact  with  the  anterior 
surface  of  the  ganglion,  but  none  of  its  fibres  intermingle  with  those  in 
the  ganglion  (5,  fig.  350).  But  immediately  beyond  the  ganglion  the 
two  roots  coalesce,  and  by  the  mingling  of  their  fibres  form  a  compound 
or  mixed  spinal  nerve,  which,  after  issuing  from  the  intervertebral 
canal,  gives  off  anterior  and  posterior  or  ventral  and  dorsal  branches, 
each  containing  fibres  from  both  the  roots  (fig.  350),  as  well  as  a  third 
or  visceral  branch,  ramus  communicans,  to  the  sympathetic. 

The  anterior  root  of  each  spinal  nerve  arises  by  numerons  separate 
and  converging  bundles  from  the  anterior  column  of  the  cord ;  the  poa- 
terior  root  by  more  numerous  parallel  bundles,  from  the  posterior  col- 
umn, or,  rather,  from  the  posterior  part  of  the  lateral  column  (fig.  350), 
for  if  a  fissure  be  directed  inward  from  the  groove  between  the  middle 
and  posterior  columns,  the  roots  will  remain  attached  to  the  former. 
The  anterior  roots  of  each  spinal  nerve  consist  chiefly  of  eflPerent  fibres; 
the  posterior  exclusively  of  afferent  fibres. 

Course  of  the  Fibres  of  the  Spinal  Nerve-Roots. — {a)  The  Anterior 
roots  enter  the  cord  in  several  bundles,  which  may  be  called: — (1) 
Internal;  (2)  Middle;  (3)  External;  all  being  more  or  less  connected  with 
the  groups  of  multipolar  cells  in  the  anterior  comua.  1.  The  internal 
fibres  are  partly  connected  with  internal  group  of  nerve-cells  of  the 
anterior  cornu  of  the  same  side;  but  some  fibres  pass  over,  through 
the  anterior  commissure  to  end  in  the  anterior  cornu  of  opposite  side, 
probably  in  the  internal  group  of  cells.  2.  The  middle  fibres  are  partly 
in  connection  with  the   lateral   group  of  cells  in  anterior  cornu,  and 
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in  paxt  pass  backward  to  the  posterior  cornu,  having  no  immediate 
conection  with  cells*  3,  The  exiernal  fibres  are  partly  in  connection 
with  the  lateral  group  of  cells  iu  the  anterior  eornii,  but  some  fibrea 
proceed  direct  into  the  lateral  column  without  connection  with  cells, 
and  pass  iipwiird  in  it. 

(b)  The  Posterior  roots  enter  the  poaterior  cornu  in  two  chief  inner 
and  lateral  bundled.  Of  those  wliich  enter  by  the  inner  side  of  the 
cornu  the  majority  piiss  up  (or  down)  in  the  white  substance  of  the 
posterior  columns,  and  enter  the  gray  matter  at  various  heights  at  the 
base  of  the  posterior  cornu;  perhaps  some  pass  directly  upward  and 
inward  in  the  poaterior  median  column  without  entering  the  gray 
matter.  Those  that  enter  the  gray  matter  pass  in  various  directions, 
iome  to  join  the  lateral  cells  in  the  anterior  cornu,  some  to  join  the 
cells  in  the  poaterior  vesicular  column,  and  some  pass  across  to  the 
other  side  of  the  cord  in  the  anterior  commissure,  while  others  become 
again  longitudinal  in  the  gray  matter.  The  bundles  of  the  lateral  divi- 
sion may  also  be  further  subdivided  into  intermediate  and  outer  fibres,  the 
former  becoming  longitudinal  in  the  gray  matter,  while  some  pass  to  the 
anterior  cornu,  while  the  outer  become  longitudinal  and  form  the  tract 
of  Lissaiter.  Some  of  these  tibres  aeem  to  end  in  the  cells  of  the  posterior 
cornu* 

The  Pecultantics  of  different  regions  of  the  Spinal  Cord.— The  outline  of  the 
gray  matti»r  and  tho  relative  projiortion  of  the  white  matter  varies  m  different 
regions  of  the  spinal  cord,  and  it  is.  therefore,  [xjssibie  to  tell  approximately 
from  what  region  any  given  transverse  section  of  the  Hpinal  cord  has  lK*en 
taken.  The  white  matter  iucreasee  in  amount  from  t>elow  upward.  The 
amount  of  gray  matter  varies  ;  it  is  greatest  in  the  cervical  and  lumbar  enlarge- 
ments, viz.,  at  and  about  the  5th  lumbar  and  6th  cervica.1  nerve,  and  least  in  the 
thoracic  region.  The  greateat  developmeot  of  gray  matter  corresponds  with 
greatest  number  of  nerve- tibres  passing  from  the  cord. 

In  the  (servical  enkLrgemettt  tlie  gray  matter  occupies  a  large  proportion  of  the 
section,  the  gray  commiasureis  short  and  thick,  the  anterior  horn  is  blunt,  while 
the  pisterior  is  somewhat  ta[>f*ring.  The  anterior  and  post-erior  roots  run  some 
distance  through  the  white  matter  before  they  reach  the  fieri phery. 

In  the  dorsal  region  the  gray  matter  bears  only  a  snciall  relation  to  the  white, 
and  the  posterior  roots  in  piirticular  run  a  long  course  through  the  white  matter 
before  tliey  leave  the  cord;  the  gray  commissure  is  thinner  and  narrower  than 
in  the  cervical  region.     The  tractus  interniedio-latenilis  is  here  most  market!. 

In  the  lumbftr  eiihtrgenwnt  the  gray  matter  again  bears  a  verj'  large  propor- 
tion to  the  whole  sixe  of  the  transverse  section,  but  its  posterior  corntia  are 
shorter  and  blunti^r  thau  they  are  in  the  cervical  region.  The  gray  commis- 
sure is  short  and  extremely  narrow. 

At  tht^  iijijwr  ptirt  of  the  eouits  medallaris.  which  is  the  portion  of  the  cord 
immediately  below  the  lumbar  enlargement,  the  gray  substance  occupies 
nearly  the  whole  of  the  transverse  section,  as  it  is  only  invested  by  a  thin 
layer  of  white  tiubstance.  This  thin  layer  is  wanting  in  the  neighborhood  of 
the  poeterior  nerve- roots.     The  great  commissure  is  extremely  thick. 
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At  the  levd  of  the  fifth  sacral  vertebra  the  gray  matter  is  again  in  exoeas,  and 
the  central  canal  is  enlarged,  appearing  T-shaped  in  section ;  while  in  the 
upper  portion  of  the  fiJum  terminale  the  gray  matter  is  uniform  in  shape  without 
any  central  canal. 

The  shape  of  the  cord  changes  from  the  sacral  and  lumbar  region 
where  it  is  circular  to  the  thoracic  where  it  is  oval,  and  to  the  ceryical 
where  the  lateral  diameter  considerably  exceeds  the  antero-poBterior; 
the  change  in  shape  is  due  to  a  gradual  increase  of  the  lateral  columns. 

Functions  of  the  Spinal  Nebve-Eoots. 

The  anterior  spinal  nerve- roots  are  efferent  in  function :  the  posterior 
are  afferent.  The  fact  is  proved  in  various  ways.  Division  of  the 
anterior  roots  of  one  or  more  nerves  is  followed  by  complete  loss  of  nio> 
tion  in  the  parts  supplied  by  the  fibres  of  such  roots ;  bat  the  sensation 
of  the  same  parts  remains  perfect.  Division  of  the  posterior  roots 
destroys  the  sensibility  of  the  parts  supplied  by  their  fibres,  while  tbe 
power  of  motion  continues  unimpaired.  Moreover,  irritation  of  the 
ends  of  the  distal  portions  of  the  divided  anterior  roots  of  a  nerve  ezcitei 
muscular  movements;  irritation  of  the  ends  of  the  proximal  portions, 
which  are  still  in  connection  with  the  cord,  is  followed  by  no  appreciable 
efifect.  It  must  be  remembered,  however,  that  in  the  anterior  or  efferent 
nerves  other  besides  motory  are  contained,  e.^.,  vaso-motor,  secretoiy, 
heat  fibres,  and  it  may  be  supposed  that  when  the  distal  end  of  a  divided 
nerve  is  stimulated,  the  effects  would  be  exercised  not  only  upon  mns- 
cles,  but  upon  glands,  blood-vessels,  etc.  Irritation  of  the  distal  portions 
of  the  divided  posterior  roots,  on  the  other  hand,  produces  no  muscular 
movements  and  no  manifestations  of  pain ;  for,  as  already  stated,  sen- 
sory nerves  convey  impressions  only  toward  the  nervous  centres:  but 
irritation  of  the  proximal  portions  of  these  roots  elicits  signs  of  intense 
suffering.  Occasionally,  under  this  last  irritation,  muscular  movements 
also  ensue ;  but  these  are  either  voluntary,  or  the  result  of  the  irritation 
being  reflected  from  the  sensory  to  the  motor  fibres.  Occasionally,  too, 
irritation  of  tlie  distal  ends  of  divided  anterior  roots  elicits  signs  of  pain, 
as  well  as  producing  muscular  movements:  the  pain  thus  excited  is  prob- 
ably the  result  either  of  cramp  or  of  so-called  recurrent  sensibility. 

Recurrent  Sensihility. — If  the  anterior  root  of  a  spinal  nerve  be 
divided,  and  the  peripheral  end  be  irritated,  not  only  movements  of  the 
muscles  supplied  by  the  nerve  take  place,  but  also  of  other  muscles,  indic- 
ative of  pain.  If  the  main  trunk  of  the  nerve  (after  the  coalescence  of 
the  roots  beyond  the  ganglion)  be  divided,  and  the  anterior  root  be 
irritated  as  before,  the  general  signs  of  pain  still  remain,  although  the 
contraction  of  the  muscles  does  not  occur.  The  signs  of  pain  disappear 
when  the  posterior  root  is  divided.     From  these  experiments  it  is  be- 


THE   NERVOrS   SYSTEM. 


547 


I 

I 
I 


I 


( lieved  that  the  stimulus  passes  down  the  aaterior  root  to  the  mixed  nerve, 
and  returns  to  the  centrid  nervous  system  through  the  posterior  root 
by  means  of  certain  sensory  fibres  from  the  posterior  root,  which  loop 
back  into  the  anterior  root  before  continuing  their  course  into  the  mixed 
nerve-trunk.  These  fibres  degenerate  when  the  posterior  nerve-root  is 
divided  beyond  the  ganglion. 

Functions  of  the  GamjUa  on  Posterior  Root», — The  ganglia  act  as 
centreg  for  the  nutrition  of  the  nerves,  since  when  the  nerves  are  severed 
from  connection  with  the  ganglia,  the  part«  of  the  nerves  so  severed 
degenerate,  while  the  parts  whicli  remain  in  connection  with  them  do 
not.  Thus  on  section  of  the  posterior  nerve-root  beyond  the  ganglion 
the  peripheral  part  wastes  and  the  central  does  not,  and  on  section  of 
the  root  between  the  ganglion  and  the  cord  the  central  part  to  a  groat 
extent  wastes  and  the  peripheral  remains  unaffected. 

FUNCTI0N8   OF  THE   SPOfAL  CoED, 

The  power  of  tlie  spinal  cord,  as  a  nerve-centre,  may  be  arranged 
under  the  heads  of  (1)  Conduction;  (2)  Beflex  action. 

(I)  Vomhidion, — The  functions  of  the  spinal  cord  in  relation  to  con- 
duction, may  be  best  remembered  by  considering  its  anatomical  connec- 
tions with  other  parts  of  the  body.  From  these  it  is  evident  that  there 
is  no  way  by  which  nerve-impulses  can  be  conveyed  from  the  trunk  and 
extremities  to  the  brain,  or  vire  veradj  other  than  that  formed  by  the 
spinal  cord.  Through  it,  the  impressions  made  upon  the  peripheral  ex- 
tremities or  other  i>art8  of  the  spinal  sensory  nerves  are  conducted  to  the 
brain,  where  alone  they  can  \w  pert-eitfed  Through  it,  also,  the  stimu-, 
lus  of  the  will,  conducted  from  the  brain,  is  capable  of  exciting  the 
action  of  the  muscles  supplied  from  it  with  motor  nerves.  And  for  all 
these  conductions  of  impressions  to  and  fro  betw^een  the  brain  and  the 
spimd  nerves,  the  perfect  state  of  the  cord  is  necessary;  for  when  any 
part  of  it  is  destroyed,  and  its  communication  with  the  brain  is  inter- 
rupted, impressions  on  the  sensory  nerves  given  off  from  it  below^  the 
seat  of  injury,  cease  to  be  propagatcii  to  the  brain^  and  the  brain  loses 
the  power  of  voluntarily  exciting  the  motor  nerves  proceeding  from  the 
portion  of  cord  isolated  from  it.  Illustrations  of  this  are  furnished  by 
various  examples  of  paralysis,  but  by  none  better  than  by  the  common 
paraplegia,  or  loss  of  sensation  and  voluntary  motion  in  the  lower  part  of 
the  body,  in  consequence  of  destructive  disease  or  injury  of  a  {>ortion, 
including  the  whole  thickness,  of  the  spinal  cord.  Such  lesions  destroy 
the  communication  Ijetween  the  brain  and  all  parts  of  the  spinal  cord 
below  the  seat  of  injury,  and  consequently  cut  otf  from  their  connection 
with  the  brain  the  various  organs  sopplied  with  nerves  issuing  from 
those  parts  of  the  cord. 
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It  is  not  probable  that  the  conductioE  of  motor,  even  if  it  be  the  caae 
with  sensory  impulses  iilong  the  cord  is  effected  under  ordiuttry  circom- 
Btances  (to  any  great  extent),  as  was  formerly  supposed,  throngh  the  gny 
sobstance,  t\t\,  through  the  nerve-corpuscles  and  filaments  coniiectiii^ 
them.  All  parts  of  the  cord  are  not  alike  able  to  conduct  all  impr»^ 
fiions  \  and  as  there  are  separate  nerve^fibres  for  mot^r  and  for  eensorr 
impressions,  so  in  the  cord,  separate  and  determinate  tracts  aerre  to 
conduct  always  the  same  kind  of  impression. 

Experimental  and  other  observations  point  to  the  following  conclu- 
aiona  regarding  the  conduction  of  sensory  and  motor  impressions  through 
the  spinal  cord.  Many  of  these  conclusions  must,  however,  be  received 
with  considerable  reserve. 

a.  Sensory  Impressions  are  conveyed  to  the  spinal  cord  by  th© 
posterior  nerve- roots,  and  it  is  reasonable  to  suppose  that  they  are  then 
carried  upward  to  the  bulb  by  the  poster o- external  and  postero-median 
columns,  since  section  of  the  posterior  nerve-roots  on  the  central  si  do  of 
the  ganglia  produces  a  definite  degeneration  above  the  section  of  tbe 
postero-external  column  for  some  distance  and  of  the  posterior  mediaD 
Golnmn  as  far  as  tlie  bulb.  The  degeneration  is  limited  to  different  ^ 
parts  of  the  posterior  median  column  according  to  what  nerves  ar&  H 
divided.  Thus,  on  section  of  the  posterior  roots  in  the  sacral  region, 
the  degeneration  is  confined  to  the  most  internal  portion  of  the  colnmn 
close  to  the  margin,  while  section  of  the  himbar,  thoracic  and  cervical 
nerve-roots  is  followed  by  tracts  of  degeneration  seen  in  the  column 
more  and  more  central  and  external.  From  the  researches  of  Mott  and 
others  anything  beyond  a  slight  crossing  of  sensory  impnlBes  in  the  cord 
is  rendered  highly  improljable.  The  fibres  then  of  the  posterior  nerve- 
roots  pass  up  in  the  posterior  median  column,  and  apparently  end  in  the 
representative  of  that  column  in  the  bulb,  \nz.,  in  the  processus  gracilis. 
If  there  be  disease  or  section  of  the  posterior  external  colomn  or  of  the 
roots  iis  they  enter  the  cord^  degeneration  of  that  column  for  some 
distance  and  of  the  posterior  median  column  to  the  bulb  in  a  degree 
proportionate  to  the  nerve-iibrcs  destroyed  is  produced.  With  degen- 
eration  of  the  posterior  median  column,  on  section  of  the  posterior 
nerve-roots  there  is  degeneration  of  the  tract  of  Lissauer  for  some  dift- 
tance. 

The  direct  cerebellar  tract  is  believed  to  commence  in  the  cells  of 
the  posterior  vesicular  column  of  Clarke  of  the  same  side ;  it  goes  chiefly 
to  the  cerebellum,  through  the  restiform  body,  but  is  said  also  to  contain 
fibres  which  pass  up  as  far  as  the  corpora  quadrigemina  and  then  turn 
backward  and  Ijring  near  the  brachium  pass  to  the  cerebellum.  Th^ 
fibres  of  the  antero-lateral  ascending  tract  are  considered  to  arise  from 
the  gray  matter  of  the  posterior  cornu.     In  the  case  of  the  ascending 
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traetd,  with  the  exception  of  the  posterior  median  column,  the  connec- 
tion with  the  posterior  nerve-roota  is  not  direct. 

Afl  regards  the  conductiou  of  sensation  the  following  summary  is 
given  by  Mott.  Painful  sensations  are  conducted  up  hoth  sides,  as  is  also 
the  sensation  of  heat.  Touch  and  pressure  sensations  associated  with 
localization  are  chiefly  conducted  up  the  same  side,  although  after  a  time 
a  collateral  channel  may  be  developed  which  hecomes  permanent,  just  as 
collateral  chanoels  are  formed  for  the  production  of  hilateral  associated 
movements.  Lastly,  there  can  be  little  doubt  that  muacular-aense  im- 
pressions pass  tip  the  same  side.  Muscular-sense  impressions  are  proba- 
bly conduced  by  the  posterior  median  column.  Sensations  of  touch, 
heat,  and  cold,  and  painful  gensattons  may  be  conducted  upward  by 
the  an tero- lateral  ascending  tract. 

b.  Motor  Impressions,  —Motor  impressions  are  conveyed  downward 
from  the  brain  along  the  pt/rfimidai  (racls^  riz,^  the  direct  or  anterior ^ 
and  the  crossed  ar  lateral^  chiefly  in  the  latter.  Generally  speaking,  the 
impressions  pass  down  on  the  side  opposite  to  which  they  originate, 
having  undergone  decussation  in  the  medulla;  but  some  impressions  do 
not  cross  in  the  medulla,  but  lower  down,  in  the  cord,  l>eing  conveyed 
by  the  anterior  or  uncrossed  pyramidal  fibres^  and  decusaat^e  in  the 
anterior  commissure.  The  motor  fibres  for  the  legs  partinllg  pass  down- 
ward in  the  lateral  columns  of  the  same  side.  This  is  also  probably  the 
case  with  the  bilateral  muacles,  i.e.,  muscles  of  the  two  sides  acting 
together f  such  as  the  intercostal  muscles  and  other  muscles  of  the  trunk, 
aa  well  as  the  costo-hnmcral  muscles. 

It  is  quite  certain,  as  was  just  now  pointed  out,  that  the  fibres  of  the 
anterior  nerve-roots  are  more  numerous  t!ian  the  fibres  proceeding  down- 
ward from  the  brain  in  the  pyramidal  tracts,  or  the  so-called  pyramidal 
fibres.  It  is  therefore  probable  that  each  pyramidal  fibre,  or  set  of 
fibres,  corresponds  with  an  apparatus  of  ganglion  cells  in  the  anterior 
cornu  either  on  the  same  Icveh  or  alK^ve  or  below  it,  that  when  this  fibre^ 
or  set  of  fibres,  is  stimulated,  very  complex  co-ordinated  movements 
occur — such  co-ordinated  movements  having  been  set  up  by  impressions 
starting  from  a  connected  system  of  ganglion  cells,  and  sent  out  into  the 
motor  nerve  fibres  which  arise  from  them.  In  other  words,  it  appears 
to  be  probable  that  in  the  gray  matter  of  the  anterior  cornua  of  various 
lections  of  the  cord  are  contained  the  apparatus  for  various  complicated 
co-ordinated  movements.  The  apparatus  of  each  co-ordinated  move- 
ment may  be  set  in  motion  either  by  sensory  impressions  passing  to  the 
cord,  when  the  result  of  movement  would  be  a  reflex  action,  or  by  an 
impression  travelling  downward  from  the  brain,  and  conveyed  by  one 
or  more  pyramidal  fibres. 

Division  of  the  anterior  pyramids  of  the  medulla  at  the  point  of 
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3ecnsssftron  ds  followed  by  paralysis  of  motion,  never  quite  abeolate,  in 
all  parts  below.  Disease  or  division  of  any  part  of  the  oerebro-spinal 
axis  above  the  seat  of  decussation  is  followed  by  impaired  or  lost  power 
of  motion  on  the  opposite  side  of  the  body ;  while  a  like  injury  inflicted 
below  this  part  induces  similar,  never  quite  absolute  no  doubt,  on  the 
corresponding  side. 

When  one  half  of  the  spinal  cord  is  cut  through  in  monkeys,  the 
following  results  follow  (Mott) : — Motor  paralysis  of  the  muscles  of  the 
isame  side  (never  complete  of  muscles  used  in  bilateral  associated  action), 
followed  by  gradual  recovery  of  muscular  movement,  except  of  the  finer 
movements  of  the  hand  and  foot ;  wasting  and  flabbiness  of  the  musdee; 
sensory  paralysis  of  the  same  side  (temperature,  touch,  pain  and  pres* 
sure) ;  temporary  vaso-motor  paralysis  on  came  side.  The  temperature  of 
the  affected  side  was  depressed  1  to  3**  (F.). 

Reflex  Action. — In  man  the  spinal  cord  is  so  much  under  the  contnd 
of  the  higher  nerve-centres,  that  its  own  individual  functions  in  rela* 
tion  to  reflex  action  are  apt  to  be  overlooked;  so  that  the  result  of 
injury,  by  which  the  cord  is  cut  off  completely  from  the  influence  of  the 
encephalon,  is  apt  to  lessen  rather  than  increase  our  estimate  of  its 
importance  and  individual  endowments.  Thus,  when  the  hnnum 
spinal  cord  is  divided,  the  lower  extremities  fall  into  any  position  that 
their  weight  and  the  resistance  of  surrounding  objects  combine  to  give 
them ;  and  if  the  body  is  irritated,  they  do  not  move  toward  the  irrita- 
tion; and  if  they  are  touched,  the  consequent  reflex  movements  are 
disorderly  and  purposeless ;  all  power  of  voluntary  movement  is  absolutely 
abolished.  In  other  mammals,  however,  e.^.,  in  the  rabbit  or  dog,  after 
recovery  from  the  shock  of  the  operation,  which  takes  some  time,  reflex 
action  will  occur  in  the  parts  below  after  the  spinal  cord  has  been  divided, 
a  very  feeble  irritation  being  followed  by  extensive  and  co-ordinate 
movements.  In  the  case  of  the  frog,  and  many  other  cold-blooded 
animals,  in  which  experimental  and  other  injuries  of  the  nerve-tissiies 
are  better  borne,  and  in  which  the  lower  nerve-centres  are  less  subor- 
dinate in  their  action  to  the  higher,  the  reflex  functions  of  the  cord  are 
still  more  clearly  shown.  When,  for  example,  a  frog's  head  is  cut  off, 
its  limbs  remain  in,  or  assume  a  natural  position;  they  resume  it  when 
disturbed;  and  when  the  abdomen  or  back  is  irritated,,  the  feet  are 
moved  with  the  manifest  purpose  of  pushing  away  the  irritation.  The 
main  difference  in  the  cold-blooded  animals  being  that  the  reflex  move- 
ments are  more  deflnite,  complicated,  and  effective,  although  less  ener- 
getic than  in  the  case  of  mammals.  It  might  indeed  be  thought,  on 
superficial  examination,  that  the  mind  of  the  animal  was  engaged  in 
the  acts ;  and  yet  all  analogy  would  lead  us  to  the  belief  that  the  spinal 
cord  of  the  frog  has  no  different  endowment,  in  kind,  from  those  which 
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belong  to  the  cord  of  the  higher  vertebrata;  the  difference  ia  only  in 
degree.  And  if  thig  be  grtiuted^  it  may  be  aasumed  that,  in  man  and 
the  higher  animals,  many  actions  are  performed  as  reflex  movements 
oceurring  through  and  by  means  of  the  spinal  cord,  aJthough  the  latter 
cannot  by  itself  initiate  or  even  direct  them  independently. 

Vutanemis  and  Musvk  Reflexes, — In  the  human  subject  two  kinds  of 
reflex  ac^tionB  dependent  upon  the  spinal  cord  are  usually  distin^uisiied, 
the  alterations  of  which,  either  in  the  direction  of  increase  or  of  diminn- 
lion,  are  indications  of  some  abnormality,  and  arc  used  as  a  means  of 
diagnosia  in  nervous  and  other  disorders.  They  are  termed  respectively 
(<i.)  cuioiiemis  reflexes^  and  {b,)  masde  rejfeje^.  (a.)  Cutaneons  reflexes 
are  set  ap  by  a  gentle  stimulus  applied  to  the  ^ikin.  The  subjacent 
muscle  or  muscles  contract  in  response.  Although  these  cutaneous 
refiex  actions  may  be  demonstrateil  almost  anywhere,  yet  certain  of  such 
actions  as  being  most  characteristic  are  distinguislied,  e.f/.^  plantar 
reflex;  glutear  reflex,  t.«.,  a  contraction  of  the  gluteus  maximus  when 
the  skin  over  it  is  stimulated;  crcmaater  reflex,  retraction  of  the 
testicle  when  the  skin  of  the  inside  of  the  thigh  is  stimulated,  and  the 
like.  The  ocular  reflexes,  too,  are  important.  They  are  contraction 
of  the  iriaon  exposure  to  light,  and  its  dilatation  on  stimulating  the  skin 
of  the  cervical  region.  All  of  these  cutaneous  reflexes  are  true  reflex 
actions.  They  differ  in  different  individimls,  and  are  more  easily  elicited 
in  the  young.  Muscle  redexes,  or  as  they  are  often  termed,  tendon 
reflexes,  consist  of  a  contraction  of  a  muscle  under  conditions  of  more  or 
less  tension,  when  its  tendon  is  sharj^ly  tapped.  The  so-called  patellar- 
tondon-reflex  is  the  most  well-known  of  this  variety  of  reflexes.  If  one 
knee  be  slightly  flexed,  as  by  croscing  it  over  the  other,  so  that  the 
qnadriceps  femoria  is  extended  to  a  moderate  degree,  and  the  patella 
tendon  be  tapped  with  the  Angers  or  the  earpiece  of  a  stethoscope,  the 
muscle  contracts  and  the  knee  is  jerked  forward. 

Another  variety  of  the  same  phenomenon  is  seen  if  the  foot  is  flexed  so 
m  to  stretch  the  calf  muscles  and  the  tendo  Achillis  is  tapped;  the 
foot  is  extended  by  the  contraction  of  the  stretched  muscles*  It  appears, 
however,  that  the  tendon  reflexes  are  not  exactly  what  their  name  im- 
plies. The  interval  between  the  tap  and  the  contraction  is  said  to  be 
too  short  for  the  production  of  a  true  reflex  action.  It  is  suggested 
that  the  contraction  is  caused  by  local  stimulation  of  the  muscle,  but 
that  this  would  not  occur  unless  the  mnsele  had  been  reflexly  stimulated 
previously  by  the  tension  applied,  and  placed  in  a  condition  of  excessive 
irritability.  It  is  further  probable  that  the  condition  on  which  it 
depends  is  a  reflex  spinal  irritability  of  the  muscle  or  (exaggerated) 
muscular  tone,  which  is  admitted  to  be  a  reflex  phenomenon,  or  an  ex- 
ample ol  automatism^  in  the  spinal  cord. 
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Inhibiiiofi  of  Rejlex  Aciions.  — Movements  such  as  are  produced  by 
irritating  the  skin  of  the  lower  extremities  in  the  human  subject,  after 
division  or  disorganization  of  ji  part  of  the  spinal  cord,  do  not  follow 
the  same  irritation  when  the  cerebrum  is  active  and  the  connection 
between  the  cord  and  the  brain  is  intact.     This  is,   probably,  due  to 
the  fact  that  the  mind  ordinarily  perceives  the  irritation  and  instantl? 
inhibits  or  controls  the  action;  for»  even  when  the  cord  is  perfect,  such 
involuntary  movements  may  follow  an  irritation,  applied  when  the  oere- 
brura  is  inactive.     When,  for  example,  one  is  anxiously  thinking,  even 
slight  stimuli  may  produce  involuntary  and  reflex  movements*     So,  alao, 
during  sleep,  such  reflex  movements  may  be  observed,  when  the  akin 
touched  or  tickled;  for  example,  when  one  touches  with  the  finger 
palm  of  the  hand  of  a  sleeiring  child,  the   finger  is  grasped — the 
pression  on  the  akin  of  the  palm  producing  a  reflex  movement  of  the 
muscies  which  close  the  hand.      But  when  the  child  is  awake,  no  sack 
effert  is  produced. 

Further,  many  reflex  actions  are  capable  of  being  more  or  less  con- 
trolled or  even  altogether  prevented  by  the  will :  thus  an  inhibitory  action 
may  be  exercised  by  the  cerebrum  over  reflex  functions  of  the  cord 
and  the  other  nerve-centres.  The  following  may  be  quoted  aa  famihar 
examples  of  this  action  :-= 

To  prevent  the  reflex  action  of  crying  out  when  in  pain,  it  is  oft^n  i 
sufficient  firmly  to  clench  the  teeth  or  to  graap  some  object  and  hold  it 
tight.     When  the  feet  are  tickled  we  can,  by  an  ef!ort  of  will,  prevent 
the  reflex  action  of  jerking  them  up.     So,  too,  the  involuntary  closing  ' 
of  the  eyes  and  starting,  when  a  blow  is  aimed  at  the    head,  can  be 
similarly  restrained.  ■ 

Darwin  has  mentioned  an  interesting  example  of  the  way  in  which,  | 
on  the  other  hand,  such  an  instinctive  reflex  act  may  override  the 
strongest  effort  of  the  will.  He  placed  his  face  close  against  the  glaa 
of  the  cobra's  cage  in  the  Hep  tile  House  at  the  Zoological  Gardens,  and 
though,  of  course,  thoroughly  convinced  of  his  perfect  secnrity,  could  m 
not  by  any  effort  of  the  will  prevent  himself  from  starting  back  when 
the  snake  struck  with  fury  at  the  glass. 

It  has  been  found  by  experiment  that  in  a  frog  the  optic  hb€4  and 
opHc  fhalam I  have  n  distinct  action  in  inhibiting  or  delaying  reflex  ac- 
tion, and  also  that  more  generally  any  afferent  stimulus,  if  sufJiciently 
strong,  may  inhibit  or  modify  any  reflex  action  even  in  the  absence  of 
these  centres. 

On  the  whole,  therefore,  it  may,  from  these  and  like  facta,  be  con- 
eluded  that  reflex  acts,  performed  under  the  influence  of  the  reflecting 
power  of  I'.he  spinal  cord,  are  essentially  independent  of  the  brain  and  may 
be  performed  perfectly  when  the  brain  is  separated  from  the  cord :  that 
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these  incltide  a  much  larger  number  of  the  natural  and  purposive  move- 
ments of  tlie  lower  an i main  than  of  the  warm-blooded  aoimaU  inetudiiig 
man:  and  that  over  nearly  all  of  them  the  mind  may  exercise,  through 
the  higher  nerve-centres,  some  control;  d^iermining^  directing ^  hinder- 
ing^  or  tmdi/ging  them,  either  by  direct  action,  or  by  its  power  over 
aoBOciated  nniscles. 

To  these  instances  of  spinal  reflex  action,  some  add  yet  many  more^ 
including  nearly  all  the  acta  which  seem  to  be  performed  unconsciously, 
mich  d&  those  of  walking,  running,  writing,  and  the  like:  for  these  are 
reaUy  involuntary  acts.  It  is  true  that  at  their  first  performances  they 
are  voltmtary,  that  they  require  education  for  their  perfection,  and  are 
at  all  times  so  constantly  performed  in  obedience  to  a  mandate  of  the 
will,  that  it  is  difficult  to  believe  in  their  essentially  involuntary  nature. 
But  the  will  really  has  only  a  fouiroiling  power  over  their  performance; 
it  can  haaten  or  stay  them,  but  it  has  little  or  nothing  to  do  with  the 
actual  carrying  out  of  the  effect.  And  this  is  proved  by  the  circum- 
stance  that  these  acts  can  be  performed  during  complete  mental  aljstrac* 
tion:  and,  more  than  this,  that  the  endeavor  to  carry  them  out  entirely 
by  the  exercise  of  the  will  is  not  only  not  beneficial,  but  positively  in* 
terferes  wHth  their  harmonious  and  perfect  performance.  Any  one  may 
convince  himself  of  this  fact  by  trying  to  take  each  step  as  a  voluntary 
act  in  walking  downstairs,  or  to  form  each  letter  or  w^ord  in  writing  by 
a  distinct  exercise  of  the  wilL 

These  actions,  however,  will  be  again  referred  to. 

Morliid  re  flea;  actions. — The  relation  of  the  reflex  action  to  the  strength 
of  the  stimulus  is  the  same  as  was  shown  generally  to  occur  in  nerve- 
centres,  a  slight  stimulus  producing  a  slight  movement,  and  a  greater, 
a  greater  movement,  and  so  on;  but  in  instjinces  in  which  we  must 
assume  that  the  cord  is  morbidlg  more  irrifaMe^  i.e.^  apt  to  issue  more 
nervous  force  than  is  proportionate  to  the  stimulus  applied  to  it,  a  slight 
impression  on  a  sensory  nerve  produces  extensive  retlex  movements. 
This  appears  to  be  the  condition  in  the  disease  called  tetanus,  in 
which  a  slight  touch  on  the  skin  may  throw  the  whole  l>f>dy  into 
convulsions. 

Special  Centres. — It  may  seem  to  have  been  implied  that  the  spinal 
cord  as  a  single  nerve-centre,  reflects  alike  from  all  parts  all  the  impres- 
sions conducted  to  it.  This,  however,  is  not  the  case,  and  it  should  be 
regarded  as  we  have  indicated,  as  a  collection  of  nervous  centres  united 
in  a  continuous  column.  This  is  well  illustrated  by  the  fact  that  seg- 
ments of  the  cord  may  act  as  distinct  nerve-centres,  in  w^hich  special 
co-ordinated  muscular  actions  are  represented,  and  excite  muscular  action 
in  the  part^  supplied  with  nerves  given  off  from  them;  as  well  as  by  the 
analogy  of   certain  cases  in  which  the  muscular  movements  of  single 


554  HANDBOOK   OF   PHYSIOLOGY. 

organs  are  under  the  control  of  certain  circumscribed  portions  of  the 
cord.     The  special  centres  are  the  following  (on  each  side  ) : — 

(a.)  The  DefcBcation^  or  Ano- Spinal  centre. — The  mode  of  action  of 
the  ano-spinal  centre  appears  to  be  this.  The  mucous  membrane  of  the 
rectum  is  stimulated  by  the  presence  of  faeces  or  of  gas  in  the  bowd. 
The  stimulus  passes  up  by  the  afferent  nerves  of  the  haBmorrhoidal  and 
inferior  mesenteric  plexus  to  the  centre  in  the  cord,  situated  in  the 
lumbar  enlargement,  and  is  reflected  through  the  pudendal  plexus  to 
the  anal  sphincter  on  the  one  hand,  and  on  the  other  to  the  mnscolar 
tissue  in  the  wall  of  the  lower  bowel.  In  this  way  is  produced  a  relaxa- 
tion of  the  first  and  a  contraction  of  the  second,  and  expulsion  of  the 
contents  of  the  bowel  follows.  The  centre  in  the  spinal  cord  is  par- 
tially under  the  control  of  the  will,  so  that  its  action  may  be  either 
inhibited  or  augmented.  The  action  may  be  helped  by  the  abdominal 
muscles  which  are  under  the  control  of  the  will,  although  under  a  strong 
stimulus  they  may  also  be  compelled  to  contract  by  reflex  action. 

(d.)  The  Micturition^  or  the  Vesico-Spinul  centre. — The  veeico-spinal 
centre  acts  in  a  very  similar  way  to  that  of  the  ano-spinal.  The  centre 
is  also  in  the  lumbar  enlargement  of  the  cord.  It  may  be  stimulated  to 
action  by  impulses  descending  from  the  brain,  or  reflexly  by  the  pres- 
ence of  urine  in  the  bladder.  The  action  of  the  brain  may  be  Yolnntarr, 
or  it  may  be  excited  to  action  by  the  sensation  of  distention  of  the  bladder 
by  the  urine.  The  sensory  fibres  concerned  are  the  posterior  roots  of  the 
lower  sacral  nerves.  The  action  of  the  centre  thus  stimulated  is  double, 
or  it  may  be  supposed  that  the  centre  consists  of  two  parts,  one  which  is 
usually  in  action  and  maintains  the  tone  of  the  sphincter,  and  the  other 
which  causes  contraction  of  the  bladder  and  other  muscles.  When  evacu- 
ation of  the  bladder  is  to  occur,  impulses  are  sent  to  one  part  of  the 
centre  on  the  one  hand,  and  from  it  to  the  bladder  and  to  certain  other 
muscles  which  cause  their  contraction,  and  on  the  other  to  the  other 
p^rt  of  the  centre,  inhibiting  its  action  on  the  sphipcter  urethrae  which 
procures  its  relaxation.  The  way  having  been  opened  by  the  relaxation  of 
the  sphincter,  the  urine  is  expelled  by  the  combined  action  of  the  blad- 
der and  accessory  muscles.  The  cerebrum  may  act  not  only  in  the  way  of 
stimulating  the  centre  to  action,  but  also  in  the  way  of  inhibiting  its 
action.  The  abdominal  muscles  may  be  called  into  action  as  in  defae- 
cation. 

(c.)  The  Emission  of  Sernen  or  Genito-Spinal  centre. — The  centre 
situated  in  the  lumbar  enlargement  of  the  spinal  cord  is  stimulated  to 
action  by  sensory  impressions  from  the  glans  penis.  EfEerent  impulsea 
from  the  centre  excite  the  successive  and  co-ordinate  contractions  of  the 
musular  fibres  of  the  vasa  deferentia  and  vesiculae  seminales,  and  of  the 
accelerator  urinea  and  other  muscles  of  the  urethra;  and  a  forcible  expol- 
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i  Bion  of  semen  takes  place,  over  which  the  mind  has  little  or  no  control, 
and  which,  in  ciisea  of  paraplegia,  may  be  onfelt. 

I  (f/.)  The  Endion  of  the  Penis  centre. — This  centre  is  also  situated 
in  the  lanibar  region.  It  is  excited  to  action  by  the  sensory  nerves  of 
the  penis.  Efferent  impulses  produce  dilatation  of  the  vessels  of  the  penis, 
which  also  appears  to  be  in  part  the  result  of  a  reflex  contraction  of  the 
muscles  by  which  the  veins  returning  the  blood  from  the  penis  are  com- 
pressed* 

(f.)  Parturition  csntre, — The  centre  for  the  expulsion  of  the  eon- 
tents  of  the  uterus  in  parturition  is  situated  in  the  lumbar  spinal  cord 
rather  higher  up  than  the  other  centres  already  enumerated.  The 
Biimulation  of  the  interior  of  the  uterus  by  its  contents  may,  under 
certain  conditions,  excite  the  centre  to  send  out  impulses  which  proiluce 
a  contraction  of  the  uterine  walls  and  expulsion  of  the  contents  of  the 
cavity.  The  centre  is  independent  of  the  w^ill  since  delivery  can  take 
place  in  paraplegic  women,  and  also  while  a  patient  is  under  the  inHu- 
ence  of  chloroform.  Again,  as  in  the  ctises  of  defa^cation  and  micturi- 
tion, the  abdominal  muscles  assist;  their  action  being  for  the  most 
part  reflex  and  invohmtary. 

(/.)  The  Centre  for  the  Movements  of  Lymphatic  Hearts  of  Frog, — 
Volkmann  has  shown  that  the  rhythmical  movements  of  the  anterior  pair 
of  lymphatic  hearts  in  the  frog  depend  upon  nervous  infltienco  derived 
from  the  portion  of  spinal  cord  corresponding  to  the  third  vertebra,  and 
those  of  the  posterior  pair  on  influence  supplied  by  the  portion  of  cord 
opposite  the  eighth  vertebra.  The  movements  of  the  heart  continue, 
though  the  whole  of  the  cord,  except  the  above  portions,  l>e  destroyed;  but 
on  the  instant  of  destroying  either  of  these  portions,  though  all  the  rest  of 
the  cord  be  untouched,  the  movements?  of  the  corresponding  hearts  ceiisc, 
{ff.)  The  Centre  for  the  lone  of  JfHsekrS, — The  influence  of  the  spinal 
cord  on  the  sphincter  ani  and  sphincter  urethrsB  has  been  already  men- 
tioned (see  above).  It  maintains  these  muscles  in  permanent  contrac- 
tion. The  condition  of  these  sj^hineters,  however,  is  not  altogether 
exceptional.  It  is  the  same  in  kind,  though  it  exceeds  in  degree  that 
condition  of  muscles  which  has  been  called  tone^  or  passive  contraction; 
a  state  in  which  they  always  when  not  active  appear  to  be  during  health, 
and  in  which,  though  called  inactive,  they  are  in  slight  contraction,  and 
certainly  are  not  relaxed,  as  they  are  soon  after  death,  or  when  the  spinal 
cord  is  destroyed.  This  tone  of  all  the  muscles  of  the  trunk  and  limbs 
depends  on  the  spinal  cord,  just  as  the  contraction  of  the  sphincters 
does.  If  an  animal  be  killed  by  injury  or  removal  of  the  brain,  the 
muscles  retain  their  tone;  but  if  the  spinal  cord  be  destroyed,  the 
sphincter  ani  relaxes,  and  all  the  muscles  feel  loose,  flabby,  and  atonic, 
remaining  ao  till  rigor  imrtis  commences. 
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This  kind  of  tone  must  be  distinguished  from  that  mere  firmo^eBaiid 
tension  which  it  is  customary  to  ascribe,  under  the  name  of  tone^  to 
all  tissues  that  feel  robust  and  not  flabby,  as  well  as  to  rausclea.  The 
tone  peculiar  to  muscles  has  in  it  a  degree  of  vital  contraction:  th&t  of 
other  tissues  is  only  due  to  their  being  well  nourished,  and  therefore  com- 
pact and  tense. 

All  the  foregoing  examples  illustrate  the  fact  that  the  spinal  cord  ii 
a  collection  of  reflex  centres,  upon  which  the  higher  centres  act  by  send- 
ing down  impulses  to  set  in  motion,  modify  or  control  them*  The 
moA'ementa  or  other  phenomena  of  reflex  action  are,  as  it  were,  thefano- 
tion  of  the  ganglion  eella  to  which  an  afferent  impression  is  conveyed  by 
the  posterior  nerve- trunks  in  connet^tion  with  them.  The  extent  of  the 
movement  depends  upon  the  strength  of  the  stimulus,  the  position  in 
which  it  is  applied  as  well  as  the  condition  of  the  nerve-cells;  the  coD' 
nection  between  the  cells  being  bo  intimate  that  a  series  of  co-ordinated 
movements  may  result  from  a  single  stimulation.  Whether  the  oelli 
possess  as  well  the  power  of  originating  impulses  (automatism)  is  doubt- 
ful, but  this  is  possible  in  the  case  of  (A)  vmo-tmior  centres  which  are 
situated  in  the  cord  (p.  234),  and  of  {i)  sivvufing  centres  which  must  be 
closely  related  to  them,  and  possibly  in  the  case  of  (/)  the  centres  for 
m  ai  n  tai  n  i  n  g  ike  to  w  of  mu scle^. 

Tlic  jyifirifion  (a)  of  the  muscles,  appears  to  be  under  the  control  of 
the  spinal  cord.  When  the  nerve-cells  of  the  anterior  cornu  are  diseased 
the  muscles  atrophy.  In  the  same  way  (b)  the  bones  and  {c)  joints  ait 
seriously  affected  when  the  cord  is  diseased.  The  former  when  th^ 
anterior  nerve-cells  are  implicated,  do  not  grow,  and  the  latter  are  dia* 
organized  in  some  cases  when  the  posterior  columns  are  affected,  (rf) 
The  skin,  too,  is  evidently  only  maintiiined  in  a  healthy  condition  as 
long  as  the  cord  and  its  nerves  are  intact.  No  doubt  part  of  this  influ- 
ence which  the  cord  exercises  over  nutrition  is  due  to  the  relationship 
which  it  bears  to  the  vaso-raotor  nerves. 

Within  the  cord  are  contained,  for  some  distance,  fibres  (a)  which 
regulate  the  dilatation  of  the  pupil,  {h)  which  have  to  do  with  the  glyco-  M 
genie  function  of  the  liver,  (6*)  whicli  control  the  nerve-supply  of  the  ■ 
vessels  of  the  face  and  head,    {d)  which  produce  acceleration  of  the 
heart's  action,  and,  (e)  have  a  termotaxic  action  on  the  muscles,  etc. 


1 


The  Relations  of  the  Difpekent  Parts  of  the  Brain. 


I 


Before  considering  the  parts  of  the  brain  separately,  it  will  be  best  for 
the  comprehension  of  the  plan  of  its  construction  to  take  a  general  survey 
of  the  whole.  The  brain  on  superficial  examination  presents  four 
distinct  parts,  viz.  {a,}  The  large  and  prominent  masses  of   aervaui, 
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mutter  divided  by  fissures  into  coDvokitiona  {fig.  35C),  and  covering  to  a 
large  extent  the  other  parts,  separated  from  one  aDother  by  a  deep 
fissure  running  from  front  to  back.  These  constitute  the  cerebral 
hemispheres  or  cerebrum,  {b)  On  the  under  or  central  surface  of  the 
brain  can  be  seen  a  broad  mass  rounded  on  the  surface  more  or  less 
quadrilateral  in  shape;  this  is  the  pons  Varolii  (fig,  354^  VI.).     An- 


Fl(f,  354.— Base  of  the  brain,  t,  superior  lonj^itudinal  flamire;  %  2\  if,  &nt«rior  cerebr&l 
lobe;  S,  fissure  of  BttIvIuh,  bflw<>eti  tinljerlor  &ad  4.  4';  4",  niidille  cerebral  lobe;  5,  b\  posterior 
lobe :  6,  uieduUa  ubtuUKtiLa.  The  flj^m  ti  lu  tlie  rifC"*'  unt^rior  pyraiiiitl ;  7,  H  %  III,  tin*  cfre^beUum ; 
+,  the  inferior  verimform  prncfsii.  The  fl|Brun?«  from  I.  to  LX,  ar«^  plai-tHi  against  the  corresponding 
oerebmL  n«nre»;  in,  i»  plaeeil  on  the  rii^ht  enia  cerobri.  VI.  and  XVL  on  the  pooa  Varolii;  XT 
lh«  flrat  oerrical  or  miboocipitftl  nerve.     ( A  Ueo  Thomson  )    %. 

teriorly  it  is  seen  to  branch  off  into  two  strands,  which  are  the  crura 
cerebri;  and  posteriorly  it  Joins  with  a  narrower  portion j  which  is  the 
medulla  obhntjftfa  or  bulb.  This  latter  is  continuous  with  the  spinal  cord. 
In  connection  with  the  bulb  and  pons  are  seen  many  nerve- trunks  pass- 
ing ofif;  these  are  the  chief  part  of  the  cranial  nerve.i.  Two  of  the 
cranial  nerves,  however,  are  more  interior,  and  one,  the  optic  (fig.  354, 
2),  is  seen  to  send  off  abroad  band  of  fibres  which  apparently  passes 
into  the  substance  of  the  cerebrum.  The  most  anterior  nerve-root  on 
either  side,  viz.,  the  olfactory  (fig.  354,  1),  extends  for  some  distance 
upon  the  under  surface  of  each  cerebral  hemisphere.  (<•.)  The  pons  is 
seen  to  be  connected  laterally  with  a  large  mass  of  nenrous  matter,  upon 
which  in  the  position  of  the  brain  tnrued  upward,  the  bulb  also  restsi 
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this  is  the  cereheUum^  and  (d.)  When  the  brain  is  viewed  in  the  normal 
position  at  the  bottom  of  the  fissure,  between  the  hemisphereB  is  seen  a 
broad  band  of  white  matter  connecting  one  hemisphere  with  its  fellow, 
the  main  commissure  or  corpus  callosum  (fig.  357).  Such  parts  of  the 
brain  are  evident  even  on  superficial  examination.  On  dissection,  it  ig 
found  that  the  central  nervous  system  is  not  a  solid  mass  of  nerve  mate- 
rial; it  incloses  certain  cavities,  the  cerebral  ventricles.  Forming  the 
walls  and  boundaries  of  these  ventricles  are  very  important  masses  of 
nervous  matter.  The  cerebrum  proper  incloses  a  large  central  cavity, 
the  lateral  ventricle^  but  separated  by  a  median  partition  into  two.  Into 
the  cavity  of  each  lateral  ventricle  (fig.  355)  projects  a  rounded  mass  of 
gray  matter  anteriorly,  which  is  the:  caudate  nucleus  of  an  important 
structure  known  as  the  corpus' itrtatuniy  the  more  external  part  of  which, 
the  lenticular  nucleus,  is  embedded  fb  %h6  mass  of  the  cerebral  hemi- 
sphere. Below,  or  more  posterior  to  the  caudate  nucleus^  and  also  pro- 
jecting into  the  lateral  ventricle,  is  a  second  aiass  of  gmy  matter,  csJled 
the  optic  thalamus;  the  upper  Jiart  of  '»this  only,  however,  is  seen  in  the 
lateral  ventricle,  the  lower  and  mote  ititemal  part  approaching  its  fellow 
in  the  middle  line  leaves  a  space  whic&  on  verti&d  sectioi^  is  more  or  less 
triangular,  called  the  third  ventricle.  /^Hie  .lateral  VentricleB  are  sepa- 
rated from  one  another  by  means' of  a  partition '  lAade  clt  two  layers  of 
white  matter,  the  septum  lucidum.  On  section  the  septum  is  seen  to  be 
more  or  less  triangular,  and  between  the  two  layers  there  is  the  space  of 
the  Ji/th  ventricle  filled  with  fluid. 

At  the  posterior  part  of  the  septum  lucidum,  and  joining  with  it,  ia 
,i\\e  fornix.  This  is  a  longitudinal  commissure;  it  is  arched  and  its 
edge  is  seen  in  the  lateral  ventricle  on  either  side.  Between  its  edge 
and  the  upper  part  of  the  optic  thalamus  projects  a  fringe  of  blood- 
vessels, which  is  the  upper  part  of  the  septum  of  the  vascular  pia  mater, 
which  piisses  into  the  interior  of  the  brain,  and  which  is  called  the  cho- 
roid jAexiis  ;  the  whoXe  oi  the  projection  forming  a  roof  for  the  third 
ventricle  is  called  the  velum  interpositiim. 

The  fornix  (fig.  355,  e)  is  made  up  of  two  strands  anteriorly,  called 
the  anterior  pillars,  and  of  two  similar  pillars  posteriorly;  the  middle 
portion  called  the  body  consists  of  the  parts  of  the  two  pillars  which  are 
joined  together  in  the  middle  line.  The  body  of  the  fornix  is  triangular 
in  shape,  broad  and  flat  behind,  where  it  is  connected  with  the  corpus 
callosum,  and  narrow  in  front  where  it  is  connected  to  the  septum  luci- 
dum. The  anterior  pillars  pass  downward,  separated  from  one  another 
on  either  side  of  the  third  ventricle  in  front  of  the  foramen,  by  which 
the  lateral  communicates  with  the  third  ventricle,  called  the  foramen 
of  Monro;  each  pillar  then  passes  forward  and  down,  and  twisting  upon 
itself  forms  the  corpus  albicans^  and  then  passes  in  part  to  join  the  optic 
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lalamus.  The  posterior  pillars  pass  down  and  out  and  form  part  of 
[the  interior  of  that  part  of  the  lateral  veotricle  which  descends  into  the 
Ipoeterior  lobe  of  the  cerebrum.     Thus,  when  the  fornix  is  reflecteil  from 

the  front,  first  of  all  the  velum   interpositum  is  seen,  and  when  that  is 

removed  the  third  ven trickle  comes  into  eight. 

I        The  third  ventricle  terminates  at  its  posterior  extremity  in  the  pineal 
'body.     From  this  ventricle  a  short  narrow  passage^  the  iter  a  iertio  ad 


Tig;.  B65.— Bi8«*eotioii  of  br&ia.  from  above,  rarpooioj?  the  lateral  fourth  and  fifth  Tentrfclea 
with  me  surfouadiDK  p»rt*.  H^  a.  Anterior  part,  or  ijenu  i>f  eDrx>uii  uallnHum;  6,  cori)u»  tttria- 
tum;  b\  the  corpufl  striatum  o?  left  Hide,  dlsRPCted  RC>  an  to  expose  its  jrray  KiilT«tunci*;  r,  points 
by  a  line  to  the  wboIa  WPinlclrculttriH;  d,  optic  thjtlamua;  «.  antcrtor  pi  I  Ian*  of  fcjrnix  dividiMl: 
beloif  they  are  Been  dssoendiuft  in  front  of  the  third  ventricle,  ttnd  between  them  i»  awn  part  of 
thp  anterior  commissure;  in  front  of  the  letter  e  in  8*^m  the  ftlit-llke  tlfth  Teotricle,  between  the 
two  lamina*  of  the  st-pturo  lucidum;  /,  ajft  or  middle  commissure;  g  ts  plAoed  In  tht*  po(rt«rior 
part  of  the  third  ventricle;  lmme<liately  h^^hlnd  thw  latter  are  the  posterior  commlMnire  (J'l«* 
Tistble)  and  the  pineal  ^land,  the  two  crmra  of  which  extend  foi*ward  mloDg^  the  inner  and  up- 

Er  margins  of  the  optic  thalaml;  A  and  i,  the  corpora  qtwdrlgemftia;  k,  superior  cms  of  cere- 
llntn;  close  to  k  \r  tlie  valv««  of  Vfeussens,  which  han  been  dlVided  so  as  to  expose  the  fourth 
^ventrfcle;  ^  hippocampua  major  and  corpns  flmhriatmii,  or  tii>n!a  hippcicampl:  m^hippieampuB 
mkiar*  n,  emiDentla  col  lateral  is;  o,  fourth  ventricle;  p.  ponterior  surface  of  medulla  ooloii>rata* 
r,  section  of  cerebellum;  «,  upper  part  of  left  hprnij^iihere  of  cerebellum  exi^osed  by  the  removal 
of  port  of  the  posterior  cerebral  looe.     (Ilirschfleld  and  LeveiU^.) 

quartiim  veniriculnm,  or  aqnednct  of  Sylvius,  passes  through  the  next 
portion  of  the  brain  called  the  mid-brain.  This  part  ia  coverod  in  by 
two  pairs  of  nerve-ganglia,  the  anterior  and  the  posterior  corpora  quiv 
drigemina,  and  the  floor  is  formed  by  the  crura  cerebri.  The  a^^ueduct 
of  Sylvius  opens  at  the  upper  angle  of  a  lozenge-shaped  cavity,  the 
fourth  ventricle,  which  is  situated  on  the  dorsal  aspect  of  the  pons  and 
bulb.     The  fourth  ventricle  has  no  roof  of  its  own  beyond  a  layer  of 
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epitheliuoi,  but  it  ib  covered  in  by  the  cerebellum,  the  saperior  pedua.  1 
cles  of  which,  converging  forward,  form  its  anterior  limits,  and  tfai  ^ 
inferior  peduncles  form  its  posterior  boundaries  on  either  side. 

The  lateral,  third  and  fourth  ventricles  commanicate,  and  through 
the  last  with  the  central  canal  of  the  spinal  cord*  They  are  all  lined 
with  columnar  ciliated  epithelium,  beneath  which  is  a  development  of 
neuroglia.  This  lining  so  formed  is  called  the  epend^ma  of  the  ven- 
tricles.  Where  the  superior  peduncles  of  the  cerebellum  are  approai^h- 
ing  each  other  at  the  upper  part  of  the  fourth  ventricle,  the  interval 
between  them  is  bridged  over  by  a  thin  layer  of  gray  matter  called  the 
valve  of  Vieussens. 

The  portions  of  the  central  nervous  system  are  thus  classified : — 

(i.)  Cerebral  hemispheres  with  the  corpora  striata,  devdoped  from 
the  cerebral  vesicles — and  enclosing  the  lateral  ventricles. 

(ii.)  Fore-brainy  formed  of  the  parts,  including  the  optic  thalamic 
which  inclose  the  third  ventricle. 

(iii.)  Mid-brain^  consisting  of  the  parts  inclosing  the  aqueduct  of 


Ftg.  866.— Flan  In  outline  of  the  encephalocu  as  sees  from  the  rif^ht  side.    >(.    TJm  pafta  if9 
repraseoted  u  sepsrAted  from  oise  ADoiher  aotnewhat  moiv  thun  natural,  90  as  to  akkow  t2w4r 

coQDectionB,  A,  Cerebrum;  Ag,h,  lU  asiterior,  middle,  and  pomerior  lobes;  «,  Dasure  ot  Sj-U 
rlus;  B,  cerebellum ;  C,  pong  Vftrolli ;  D,  medulla  oblongata;  a,  fM^duncl^  of  the  cerefarum; 
&,  c,  d,  superior^  middle^  aod  inferior  peduuclea  of  the  cerebellum.     (From  Quai&O 

Sylvius,  viz.,  the  corpora  quadrigemina,  which  form  the  roof,  and  the 
crura  cerebri  which  form  the  floor, 

(iv.)  Hind'brain^  the  pons  Varolii  and  the  cerebellum  form  respeo 
tively  the  floor  and  roof  of  the  fore-part  of  the  hind-brain,  and  the  hdk^ 
the  floor  of  the  back  part  of  the  hind-brain,  the  roof  being  practicaBj 
absent. 


I 

1 


THK    NERVOUS    SYSTEM. 


5«Jl 


This  division  of  the  braiu  into  the  four  parts  is  juetified  by  u  coneid- 
aration  of  its  development.  As  will  be  seen  later  on,  the  brain  consists 
Drigiuallj  of  three  cerebral  vesicles,  the  dilated  extremity  of  the  neural 


FiiT'  SS7,  —  View  of  the  Corpti«  Callosutu  from  iil>o?e.     J4  — Tlie  upf»er  surface  of  the  corpus 
;  eallcistim  ha&  t>e«ti  fully  ejcpoebHl  by  aeitaratiati:  the  cerebral  heutlspheret^  ami  throwing  tbetn  to 
the  side;  ttie  gynii  fomlcauia  lias  t>etfEt  detacheil,  and  the  traosTen*^  t)brt*^  of  the  camun  eaJlo- 
I  traoed  for  lome  ditftmnce  Into  lii*-  if  nehntl  methillary  HubMtancp.    1,  tht*  upper  surface  of  tiie 
3,  medlAn  furrow  or  raphe;   3,  lougitudiDal  t^trlw  botmdiQ^  the  furrow;  4, 


eorpuft  ealloflum:  ^  meaimn  rurrow  or  rapzie;  :i,  lotigituamtki  t^triiP  tKitindin^  the  furrow;  4, 
swvllti^  formed  hj  the  trwtsv&ne  h&nds  im  they  patiH  into  th*'  cen?brum;  5,  anterior  extremity 
or  kXHBe  of  the  oorpug  caJlosum;  G,  posterior  extremity;  7,  anterior,  and  8«  posterior  part  of  tlie 
I  of  flbrea  prooeedftiK  frora  the  cHirpua  caHoemm;  9»  marjjin  of  the  swelimp;  10,  anterior  part 


^ 


of  the  ccHiTOliUtloD  of  the  corinis  callortiim ;  11,  hem  or  band  ot  imion  of  thi»!  eoQ^olution ;  12,'  tn- 
teraal  ooeTotutioDS  of  the  parietal  Ifjbe;  la,  upper  surface  of  the  eerebeUuin.  fSappey  after 
FovilleO 

canal,  and  these  consist  of  fore-,  uiid-,  mid  hind-bruin.  From  the  fore- 
brain  there  is  first  of  tdl  budded  oif  on  either  side  a  new  vesicle,  the 
optic  vesicle  from  which  is  developed  the  optic  nerve  and  retina,  and 
afterwai'd  a  large  vesicle,  the  cerebral  vesicle,  which  grows  rapidly, 
becomes  divided  by  a  central  partition  into  two,  each  of  which  incloses 
the  lateral  ventricle.  The  cerebral  vesicles  grow  so  fpiickly  as  to  cover 
bo  til  the  fore-  and  the  mid-brain.  The  parts  of  whicli  the  fore-,  mid-, 
and  hind-brains  are  made  up  are  develoiied  from  the  corresponding  cere- 
bral vesicles. 

It  T^ill  he  us  well  here  to  indicate  briefly  the  strnctnre  of  the  brain. 
It  consists  of  white  and  gray  matter  differently  arranged  in  different 
districts, 

J6 
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Distribution  of  the  Gray  Matter. 

(i.)  In  the  butty  at  the  lower  part  the  distribution  of  gray  matter  fol- 
lows that  which  prevails  in  the  cord.  Higher  up  the  chief  part  is  found 
toward  the  posterior  or  dorsal  aspect,  surrounding  the  central  canaL 
When  the  central  canal  opens  out  into  the  fourth  ventricle  the  gnj 
matter  comes  to  that  surface  chiefly,  and  is  found  to  consist  more  par- 
ticularly, on  either  side,  of  the  nuclei  of  origin  of  the  cranial  nerrei, 
viz.,  the  12th,  11th,  10th,  9th,  and  8th,  and  more  externally  of  the 
nucleus  gracilis  and  nucleus  cuneatus  {n.g.y  n.c,  figs.  361,  362).  In 
addition  to  these  masses  of  gray  matter,  there  are  the  olivary  bodies  (o, 
figs.  361,  362)  toward  the  ventral  surface  with  the  accessory  olives  (o% 
and  the  extertial  arcuaie  (n,ar.  in  figs.)  nuclei,  placed  at  the  tip  of  the 
anterior  fissure  on  either  side  on  the  ventral  surface  of  the  utmor 
pyramids. 

(ii.)  Jn  the  pons  Varolii. — In  addition  to  the  origins  of  nerfw  in 
the  floor  of  the  fourth  ventricle  on  the  dorsal  aspect  of  the  pons,  vii., 
of  the  7th,  6th,  and  5th  nerves,  there  are  several  masses  of  gray  matter, 
viz.,  in  the  back  part,  the  iniperior  olive  (fig.  364),  and  in  the  front 
part  the  lociis  cceruleuSj  as  well  sis  small  amounts  of  the  same  material 
mixed  with  fibres  in  the  more  ventral  surface. 

(iii.)  In  the  mid-brain,  the  gray  matter  preponderates  in  the  optic 
thalamic  corpora  qnadrifjemiiuiy  and  corpora  geniculata.  It  is  also  found 
surrounding  the  aqueduct  of  Sylvius,  and  in  other  parts  of  the  crura, 
notably  such  masses  as  the  red  nucleus  (fig.  365),  locus  niger  (fig.  365). 

(iv.)  In  the  cerebral  hemispheres^  the  cerebral  cortex  is  made  up  of 
gray  matter  whicli  incloses  white  matter,  and  the  corpus  striatum  \& 
made  up  more  or  less  of  the  same  material. 

(v.)  In  the  cerebellum y  the  gray  matter  forms  the  incasing  material 
In  the  interior  too  there  are  masses  of  gray  matter  forming  the  corpora 
dentata. 

This  then  roughly  indicates  the  localities  in  which  gray  matter  is 
found ;  the  arrangement  of  the  fibres  and  their  relationship  to  the  gray 
matter  will  be  dealt  with  later  on. 

The  Medulla  Oblongata  or  Bulb. 

The  medulla  oblongata  (figs.  358,  359),  is  a  column  of  gray  and 
white  matter  formed  by  the  prolongation  upward  of  the  spinal  cord  and 
connecting  it  with  the  brain. 

Stru^cture. — The  gray  substance  which  it  contains  is  situated  in  the 
interior  and  variously  divided  into  masses  and  laminae  by  the  white  or 
fibrous  substance  which  is  arranged  partly  in  external   columns,  and 
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tartly  in  fasciculi  traversiug  the  csentral  gray  matter.      The  medulla 

oblongata  is  larger  than  any  part  of  the  spinal  cord.     Its  columns  are 

fpyriform,  enlarging  aa  they  proceed  toward  the  brain,  and  are  continu- 

lona  with  those  of  the  spinal  cord.     Each  half  of  tlie  medulla,  therefore, 

lay  l>e  divided  into  three  columns  or  tracts  of  fibres^  continuous  with 

khe  three  tracts  of  which  each  half  of  the  spinal  cord  is  made  up, — the 

>liimns  more  prominent  than  those  of  the  spinal  cord,  and  separated 

from  eacli  other  by  deeper  grooves-     The  anteriory  continuous  with  the 

iterior  cohimns  of  the  cord,  are  called  the  (tnterior  pyramids^  and  the 


Fig.  358. 


Fig,  355>. 


Ft^,  aSSi— Ventr&l  or  Anterior  mirface  of  th«  pons  V^roU i,  &Dd  in«Klyl1a  ohloDirAtA,  a,  a.  an- 
terior pjrramldB;  b,  Ihelr  decusUtClon ;  <r,  c,  oUvary  lM>dJea;  d,  d^  restUurui  IxiUies;  r,  arciform 
flbres;  jr.  fibres  passliiE:  from  the  anterior  eolumo  ot  the  cord  to  tlie  ceri?bi^niiDi ;  ff,  anterior  col- 
umo  of  the  spinal  cord;  h,  lataral  column;  p,  pon^  Varolii;  tV  its  upper  nbrea;  5,  5,  rooia  utthe 
flfUijpiklr  of  nerrefl. 

Fig.  3810.— Dorsal  or  posterior  surface  of  the  pons  Varolii,  corpora  quadri^mina,  and  am- 
dulla  oblon^^ta,  Th«t  pPiUiacles  of  tlie  eereheUum  are  cut  imort  at  the  Bide,  a^  a^  tbe  upfter 
pair  of  corpora  quadnfreFulcia;  b,  b.  the  lower;  /,  A  auperior  peduocles  of  the  cerebenum;  c, 
emlDence  conni^'rt^'d  with  the  nucletiit  of  tho  hvpo|tlostital  uerve;  e,  that  of  the  gloBso-pharyniTeal 
nerve;  i,  that  of  tlie  vasrus  uerrej  d,  d,  rpsrtiforiu  hocllw;  p,  jp,  posterior  pyramids;  p,  t\  groove 
in  the  middle  of  the  fourth  ventriclt?,  ending  below  Iti  the  ealamua  acriptorius;  7,  7,  roots  of  the 
auditory  nerves. 

postero-median  and  postero-external  columns  are  also  repreaented  at  the 
posterior  or  dorsal  aspect  of  the  cord  as  the  ffiMicu hi i^  (jradlis  and  the 
fasdculus  eunmtits.  The  posterior  pyramids  of  the  medulla  which  in- 
clude these  two  columns  of  white  matter  soon  become  much  increased 
in  width  by  the  addition  of  a  new  column  of  white  matter  outside  the 
other  two  which  is  known  as  the /ascicir fits  of  Rolando.  The  lateral  col- 
umns of  the  cord  undergo  considerable  change  and  are  scarcely  repre- 
sented as  such  in  the  bulb. 

It  may  be  said  then  that  the  bulb  at  its  commencement  differs  only 
[slightlj  in  size  from  the  cord  with  which  it  is  continuous.     It  soon 
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becomes  larger  both  laterally  and  untero^posteriorly,  and  after  a  tijii© 
opeus  out  on  the  dorsal  surface  into  a  space  which  is  known  as  the  founb 
ventricle,  and  from  being  a  cylinder  with  a  central  canal,  it  is  flatt^netl 
out  on  on©  surface  by  the  gradual  approach  of  the  central  cauiil  to  that 


Fijj,  360.  — DorsaJ  or  posterioi  view  of  the  medulla,  fourth  ventricle,  and  mefaracephAlia 
(nmtiiJ^  Bixe).  /in. ,  line  of  the  posterior  rootn  of  the  spiDAl  nerves;  p.  m./, ,  posterior  mediia 
MBlir« :/►».,  funiculUR  gracilis;  cJ.,  its  cUva;  /.€..  fuoicuius  cutieatuf^;  f.R.,  funleulu;  of 
Holttitdo;  r.6.,  restifonn  body:  c*. ,  calamus  scrlptctrtuB:  f,  Kection  of  Hj^la  or  Ut^nln;  pan  of 
choroid  plexuH  is  »eea  beneatii  it;  J.r. ,  lateral  reees8of  the  ventricle;  str,^  strim  acustics;  4/ , 
Inferior  r 088a;  »./. ,  posterior  Torsa;  bt?tween  it  and  the  median  sulcus  Is  the  fasciculus  tcrp*; 
cbL^  €ut  surface  of  the  cserebellar  hemisphere;  nd.^  central  or  (;ray  matt4»r;  <.m. f.,  f«qMnor 
medullar}'  velum;   Ing.^  lipjEa;  ^c.p.,  superior   ei^relM^lar  peduncle  cut   lonf^rttiidiailllf :  rr 


ebei; 


llarj'  ^ 

eombined  section  of  the 
);/r,. 
t.  ff. .  lateral  groove ;  c,  g.  L ,  corpus 


re*»  cerebellar  pedunclwi: 


•<?.*-,  corpora 


laa  TsQ 


pericir  aod  luft^rior);  fr, »  frBPuulum;  /. ,  flbrea  of  the  ftllet  w^n  on  the'surface»  of  the  tcvcmefl 
-,  t.g..  lateral  groove;  Cff.L,  corpus  geniculum  intentus;  th.^  posterior  part  of 
pineal  body.     The  Roman  numbers  Indicate  the  correspoDdioi;  crmoial  eerrff 


turn ;  r, »  cnisti 
tiialamus;  p. 
CE.  A.  SchMer:) 


surface.     Tlie  central  canal  of  the  cord,  therefore,  is  directly  continloi 
with  the  fourth  ventricle. 

If  the  bulb  be  examined  on  its  anterior  or  ventral  surface  it  is  foQii4 
that  the  anterior  fissure,  which  ia  a  continuation  of  tho  same  fissure  \n 
the  cord,  ia  occupied  at  the  most  posterior  part  by  fibres  whicb  ar© 
crossing  from  one  aide  to  the  other;  the  central  canal  being  pushed  now 
toward  the  posterior  surface.  This  is  what  is  known  as  the  anterior, 
dccussafiou  of  the  medulla  oblongata.  It  is  formed  of  the  fibres  which 
in  the  cord  occupy  the  postero-lateral  region  and  are  called  the  crossed 
pyramidal  fibres.  The  lateral  pyramidal  fibres  of  either  side  after  croH»-| 
iug  in  the  middle  line  in  this  w^ay  become  part  of  the  anterior  pyramii 
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^cf  the  opposite  side;  the  rest  of  the  pyramid  being  made  tip  of  the  fibres 
from  the  anterior  cohimn  of  the  cord  kuowu  tis  the  direct  or  uncrossed 
pyramidul  fibres.  The^e  two  pyramidal  straEds  of  fibrea  are  those  which 
degenerate  on  lesions  of  certain  parts  of  the  cerebrum  which  are  known 

the  motor  areas  of  the  cortex.  They  can  therefore  be  traced  downward 
on  such  lesions  as  tracts  of  degeneration.  They  are  the  fibres  of  comniu- 
nication  between  the  cerebral  cortex  and  the  different  segments  of  the 
spinal  cord.  The  anterior  pyramids  of  the  bulb  are  marked  out  by  the 
exit  from  that  part  of  the  nervous  axis  to  the  outside  of  them,  of  a 
nerve,  the  12th  or  hypogloasaL  More  laterally  than  this  nerve,  there 
soon  becomes  very  prominent  on  either  side  a  rounded  elevation  or  col- 
umn which  is  known  as  the  ohvartf  hotfy.  It  is  not  seen  at  the  begin* 
ning  of  the  bulb  at  its  junction  with  the  cord,  hot  begins  at  a  lower 
level  than  the  opening  of  the  fourth  ventricle.  On  the  further  side  of 
the  olivary  body  is  seen  the  line  of  origin  of  fibres  of  the  11th,  10th,  and 
9th  nerves,  and  from  this  to  the  posterior  fissure  is  the  posterior  pyramid. 

The  w^hole  of  that  part  of  the  medulla  which  is  situated  laterally 
between  the  olivary  body  and  the  posterior  fissure  is  known  as  the  resti- 
form  bodtj;  it  is  continued  forward  on  either  side  as  the  inferior  peduncle 
of  the  cerebellum. 

The  changes  which  are  noticed  by  the  study  of  series  of  sections  of 
the  bulb  from  below  upward  may  be  summarized  thus:  In  the  dorsal  or 
posterior  region,  the  posterior  cornua  are  pushed  more  to  each  side,  and 
the  substance  of  Rolando  is  increased  and  becomes  rounded,  reaching 
almost  to  the  surface  of  the  bulb  on  each  side,  a  small  tract  of  longitu- 
dinal fibres  of  the  ascending  root  of  the  5th  nerve  only  intervening. 
There  is  a  great  incretise  of  the  reticular  formation  around  the  central 
canal,  and  the  lateral  approaches  the  anterior  cnrnu.  llien  at  the  ven- 
tral or  anterior  aspect  the  decussation  of  the  lateral  fibres  begins.  By 
this  crossing  over  of  the  fibres,  the  tip  of  the  gray  anterior  cornu  is  cut 
otf  from  the  rest  of  the  gray  matter.  The  central  canal  is  pushed  further 
toward  the  posterior  surface,  first  of  all  by  the  decussation  of  the  anterior 
pyramids  just  mentioned,  and  later  on,  i.f.,  above,  by  another  decussa- 
tion of  fibres  more  dorsal.  These  fibres  of  the  second  decussation  i\A 
they  cross  form  a  median  raphe  and  also  help  to  l^reak  up  the  remaining 
gray  matter  into  what  is  called  a  relivttlar  formation.  There  has  been 
some  little  doubt  as  to  the  origin  of  these  descussating  fibres,  but  tlio 
best  authorities  now  consider  them  to  be,  at  any  rate  in  part,  the  fibres 
from  the  nuclei  of  the  fasciculus  gracilis  and  fasciculus  cuneatus  of 
either  side,  and  look  upon  them  as  a  sensory  decussation.  At  the  pos- 
terior part  soon  there  appear  in  the  columns  of  white  matter  of  the 
fasciculus  gracilis  and  fasciculus  cuneatus  new  masses  of  gray  matter., 
The  lateral  horn  approaches  the  anterior;  but  soon  the  latter  is  pushed 
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further  and  further  toward  the  centre,  while  the  lateral  horn  ran^ng 
near  the  lateral  surface.  The  anterior  gray  matter  becomes  broken  up 
and  merged  into  the  reticular  formation.  There  is  also  a  similar  reticn. 
lar  [formation  both  toward  the  centre  and  also  laterally  in  the  doml 
region.  At  the  level  where  the  central  canal  opens  into  the  4th  Tentri- 
cle,  the  posterior  pyramids  diverging  to  form  the  lower  and  ontside 
boundaries,  and  inclosing  a  space,  the  calamus  scriptorius,  between 
them,  there  are  to  be  made  out  various  masses  of  gray  matter  in  addi- 
tion to  the  reticular  formation,  viz.,  the  nuclei  of  the  fascicalos  gracilis 


Fig.  361.— Anterior  or  dorRal  section  of  the  medulla  oblonfrata  in  the  region  of  tlie  i_, 

pyramidal  decussation,  a.m./.,  anterior  median  fissure ;  f.a.,  superficial  arciform  (ftm 
emerging  from  the  fissure;  py..  pyramid;  w.or. ,  nuclei  of  arciform  fibres;  /.a.,  deep  afcifom 
becoming  superficial;  o,  lower  end  of  olivary  nucleus;  n.L,  nucleus  lateralis;  /.r.,  formatio 
reticularis :/. a. ^,  arciform  fibres  proceeding  from  the  formatio  reticularis;  g.,  sub^antia  ff. 
latinosa  of  Rolando ;  a.  T^ ,  ascending  root  of  fifth  nerve ;  n.c,  nucleus  cuneatus ;  n.  c ',  exterul 
cuneate  nucleus:  n.g.,  nucleus  gracilis;  /.(/.,  funiculus  gracilis;  p.m.f.^  posterior  median  fis^ 
sure;  c.c,  central  canal  surrounde<l  bv  gray  matter,  in  wnich  are  n.Xl.,  nucleus  of  the  ipinal 
acces8or>%  and  n.Xll.^  nucleus  of  the  h^'^poglossal ;  s.d.,  superior  pyramidal  decussation. 
(Modified  from  Schwalbe. ) 


and  fasciculus  cuneatus  (301,  n,g,  and  n.c,)^  which  are  at  this  level, 
however,  already  diminishing  and  are  lost  at  a  level  of  the  pons  Varolii. 

Tlie  olivary  bodies  extend  forward  almost  to  the  level  of  the  pons. 
They  consist  of  gray  and  white  matter.  The  gray  matter  consists  (»f  a 
plicated  thinnish  strand  containing  small  nerve-cells,  folded  upon  itself 
in  the  form  of  a  loop,  with  the  ends  turned  inward  and  slightly  dorsal 
(Fig.  362,  o).  The  gray  loop  is  filled  with  and  covered  by  white  matter, 
part  of  tlie  fibres  passing  through  the  gray. 

Internal  to  the  olivary  body  on  eitlier  side  are  two  small  masses  of 
gray  matter,  one  more  ventral  to  the  other,  called  accessory  olives,  ex- 
ternal and  internal,  and  on  the  surface  of  the  anterior  pyramid  on  either 
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Biflc  a  small  mass  of  grtiy  matter,  external  arcuate  nnnleus;  laterally 
another  mass  of  the  same  material,  the  representative  of  the  lateral  nii- 
cleus  of  the  oord,  is  seen,  viz.,  the  antero-laterat  nucleus,  whi<:.h  gives 
origin  to  the  spinal  accessory  nerve. 

It  will  be  noceegary  to  follow  as  shortly  as  possible  the  fibres  of  the 
spinal  oord  npward  into  the  bulb  and  beyond: — 

The  crossed  and  direct  pyraniiiial  tracts  have  already  been  deBcribed. 
Nothing  definite  is  known  of  tlie  an tero- lateral  descending  tracts.  The 
cerebellar  tracts  pass  laterally  into  the  restiform  bodies  and  go  to  the 


n.r 


FiBT.  382,— fieotion  of  the  mpitulla  oblonpata  at  about  thp  roidr!!©  of  tbe  oliTiiry  body.    /.  T  o,, 
prior  median  Uiwure!;  n.nr.,  miclpus  ari.'iformiB;  p.  ^  pyramid;  Xll.^  bundle  of  hypOK'lOKtfal 
nerve  emerg^in^  from  the  surfiw:^;  at  th  it  in  st-eu  courBiH(f' between  the  pyramid  and  the  olivary 
nucleuft,  o. ;/, a.e.,  extemft]  arcifunu  fibr«*;  hJ.,  nucleuii  UteraliH;  a.,  arciform  (tbnes pa^iof; 
ftHtjfonu  body,  partly  through  thei  Aobatantla  gelatlnosa,  a.,  partly  t^upertleial  to  ^ 


toward  rwrtlforai  body,  partly  through  th«^  Aobatantla  gelatlnosa,  g.,  partly  «yperfle 
aacendJDf?  root  of  the  fifth  nerve,  a,}', :  X  bundle  of  vas^JS  root  Binerjf lOlf ;  fr.,  lormatio  retlc 


to  the 

^  _  1  nerve,  a,  l':    _   "_ 

ulariH;  r7r. .  corpus  n^tlform,  begiualoK  to  be  formi^,  chiefly  by  areirortn  flhrett.  ^uperllcinl 
and  deep;  n.c„  nucleus  euueatus;  n.g.,  aucleusgraeJIlH:  t.  attachuipct  of  the  ll^ula;  /. »-.  funl- 
rulus  solitarius;  »j.  A'.*  h.X.\  two  parts  of  the  vai^tiis  nucleus;  n.X//.,  hypDglcH»al  nucleus;  it.t, 
nucleus  of  the  funiculuH  teres;  n.nm.,  uucleuR  nrnhLKiui!):  r  ,  rapne;  .-I.,  coDtinuatlon  of  the 
ant^Tior  eoluoiti  of  cord;  o\  o*,  accessory  olivary  nucleus;  p.o.,  peduDculuji  ollvtc,  (Modified 
from  Hcbwalbe.  j 


cerebellum.  Tbe  antero-lateral  aB«*eiiding  tracts  appear  to  have  the 
same  d est i nation  and  pass  directly  or  indirectly  into  the  cerebellum. 
The  fibres  of  the  postern-median  and  postero-externa!  columns  end  in 
the  nuclei  of  the  fitsci cuius  gracilis  and  cnneatns  respectively,  either  in 
or  about  the  cells  containe^l  in  those  nuclei;  at  any  rate,  ascending  de- 
generation of  thcise  columns  cannot  be  traced  above  these  nuclei. 

The  rest  of  the  fibres  of  the  cord  appear  to  end  in  the  reticular  for- 
mation of  the  bulb.  The  bundle  of  tibres  constituting  the  ascending 
root  of  the  5th  nerve  appears  to  correspond  with  the  tract  of  Lissaner. 

CkfrniedioHs  of  the  bulb  with  the  cerebnim  and  verebeUnm. — In  addition 
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to  the  pyramidal  tracts  connecting  the  bulb  with  the  cerebrum  and  the 
direct  cerebellar  and  the  antero-lateral  ascending  tract  connecting  it 
with  the  cerebellum,  there  are  other  connections  of  the  bulb  with  the 
cerebrum,  and  with  the  cerebellum,  not  actually  direct. 

(1.)  Fibres  from  the  nucleus  gracilis  and  nucleus  cuneatos,  which, 
as  we  have  said,  are  the  bulbar  endings  of  the  fibres  of  the  postero- 
median and  postero-external  columns  of  the  cord,  pass  in  sets  as  it  were 
in  the  following  manner: — 

{a.)  Inteinial  arcuate  fibres. — Some  pass  down  and  inward  to  the  otha 
side  in  the  reticular  formation,  forming  in  part  the  superior  or  sensoij 
decussation,  and  in  the  inter-olivary  region  become  longitudinal  in  a 
band  of  fibres  called  the  fillet y  which  passes  upward.  These  fibres  are 
probably  augmented  by  the  addition  of  fibres  from  the  anterior  columns 
of  the  cord. 

(b.)  External  arcuate  fibres  also  decussate  in  the  same  way,  pas 
down  along  the  anterior  fissure,  and  then  running  outward  superficiallj 
over  the  anterior  pyramid  and  olivary  body,  reach  the  restiform  body 
and  pass  to  the  side  of  the  cerebellum  opposite  to  their  nuclei  of  origin. 
These  fibres  appear  to  have  some  relation  with  the  external  arcuate  nu- 
clei. They  connect  one  side  of  the  spinal  cord  with  the  opposite  side  of 
the  cerebellum  through  the  gracile  and  cuneate  nuclei. 

(r.)  Direct  lateral  fibres  pass  to  the  restiform  body  and  so  to  the  same 
side  of  the  cerebellum. 

(2.)  Fibres  from  the  olivary  body  pass  to  the  ox)i)03ite  side  of  the 
cerebellum  probably  through  the  reticular  formation. 

(3.)  Arciform  fibres, — Fibres  from  the  nucleus  of  the  8th  or  auditory 
nerve  in  the  floor  of  the  4th  ventricle,  pass  to  tlie  same  side  of  the  cere- 
bellum. 

FlNCTIOXS   OF   THE    MeDULLA    OBLONGATA    OR    BrLB. 

The  functions  of  the  bulb  are  those  of,  {a,)  conduction;  (^.)  reflex 
action;  and  (r.)  automatism. 

(tf.)  Conduction. — As  a  conductor  of  impressions,  the  medulla  oblon- 
gata has  a  wider  extent  of  function  than  any  other  part  of  the  nervous 
system,  since  it  is  obvious  that  all  impressions  pjissing  to  and  fro  be- 
tween the  brain  and  the  spinal  cord  must  be  transmitted  through  it. 

{b,)  Reflex  Action, — As  a  nerve  centre  by  which  impressions  are 
reflected^  the  medulla  oblongata  also  resembles  the  spinal  cord ;  the  only 
difference  between  them  consisting  of  the  fact  that  many  of  the  reflex 
actions  performed  by  the  former  are  much  more  complicated  than  any 
performed  by  the  spinal  cord. 

It  has  been  proved  by  repeated  experiments  on  the  lower  animals 
that  the  entire  brain  may  be  gradually  cut  away  in  successive  portions, 
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and  yet  life  may  rontfnuo  for  a  consiilerublo  time,  and  tho  respimtory 
moTement^  be  iiniiiterriipteil.  Lifii  niuy  also  t^ontimic  when  tbe  spinul 
cord  la  cut  away  in  successive  portions  from  below  iqnvard  aa  high  as 
the  point  of  origin  of  the  phrenic  nerve.  In  amphibia,  the  brain  has 
been  all  removed  from  above,  and  the  cord,  as  far  as  the  medulla  oblon- 
gata, from  below;  and  so  long  as  the  medulla  oblongata  was  intact, 
respiration  and  life  were  maintained.  But  if,  in  any  animal,  the  me- 
dulla oblongata  is  wounded,  particularly  if  it  is  wounded  in  its  central 
part,  opposite  the  origin  of  the  vasi,  the  respiratory  movements  cease, 
and  the  aninuil  <lies  asphyxiated.  And  this  effect  ensues  even  when  all 
parts  of  the  nervous  83'9tem,  except  the  medulla  oblongata,  are  left  intact. 
Injury  and  disease  in  men  prove  the  same  as  these  ex|)eriments  on 
animals.  Xnmerous  instances  are  recorded  in  which  injury  to  the  me- 
dulla oblongata  hm  produced  instantaneous  death;  and,  ijideed,  it  is 
throngh  injury  of  it,  or  of  the  part  of  the  cord  connecting  it  with  the 
origin  of  the  phrenic  nerve,  that  <leutli  is  commonly  produced  in  frac- 
tures attended  by  sudden  displacement  of  the  upper  cervical  vertebra?. 


I 


Special  Centres, 

In  the  medulla  are  contained  a  considerable  number  of  centres  which 
preside  over  many  important  and  complicated  co-ordinated  movements 
of  muscles.  Tii*?  majority  of  tliese  centres  are  («.)  rejit^j  renfre^  simply, 
which  are  stimulated  by  afferent  or  by  voluntary  impressions.  Some  of 
them  are  (k)  tmhmafir  rentreji^  l>eing  capable  of  sending  out  efferent 
impulses,  generally  rhythmical,  without  previous  stimulation  by  afferent 
or  by  voluntary  impressions.  The  automatic  centres  are,  however,  gen- 
erally influenced  by  reflex  or  by  voluntary  impulses.  Some  again  of  the 
centres,  whether  reflex  or  automatic,  are  (c.)  cofiiro!  ccfUre^^hy  which 
subsidiary  spinal  centres  are  governed.  Finally  the  action  of  some  of  the 
centres  is  {(I)  hnie^  i.e.,  they  exercise  their  influence  either  directly  or 
through  another  apparatus,  continuously  and  uninterruptedly  in  main- 
taining a  regular  action. 

Simple  Reflex  centres. 

(1.)  Bilateral  centres  for  the  co-ordinated  movements  of  3ImtimHon^ 
the  afferent  and  efferent  nerves  of  which  have  been  already  enumerated 
(p.  291.) 

(2.)  Bilateral  centres  for  the  movements  of  D&jlidition,  The  medulla 
oblongata  appears  to  contain  the  centre  whence  are  derived  the  motor 
impulses  enabling  the  muscles  of  the  palate,  pharynx,  and  cBSOphagus  to 
produce  the  successive  co-ordinate  and  adapted  movements  necefisary  to 
the  act  of  deglutition  (p.  310).  This  is  proved  by  the  persistence  of 
swallowing  in  some  of  the  lower  animals  after  destruction  of  the  cerebral 
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hemispheres  and  cerebellum ;  its  existence  in  anencephalocis  moostm; 
the  power  of  swallowing  possessed  by  the  marsupial  embryo  before  the 
brain  is  developed;  and  by  the  complete  arrest  of  the  power  of  swallow, 
ing  when  the  medulla  oblongata  is  injured  in  experiment& 

(3.)  Bilateral  centres  for  the  combined  muscular  movementB  of 
Suckuiffj  the  motor  nerves  concerned  being  the  facial  for  the  lips  and 
mouth,  the  hypoglossal  for  the  tongue,  and  the  inferior  maxillary  divi- 
sion  of  the  5th  for  the  muscles  of  the  jaw. 

(4.)  Bilateral  centres  for  the  Secretion  of  Saliva^  which  have  been 
already  mentioned  (p.  298.) 

(5.)  Bilateral  centres  for  Vomiting  (p.  326). 

(6.)  Bilateral  centres  for  Coughing^  which  are  said  to  be  independoit 
of  the  respiratory  centre,  being  situated  above  the  inspiratory  part  <tf 
that  centre. 

(7.)  Bilateral  centres  for  Sneezing ^  connected  no  doubt  with  the 
respiratory  centre. 

(8.)  Bilateral  centres  for  the  Dilatation  of  tlie  pupil^  the  fibres  from 
which  pass  out  partly  in  the  third  nerve  and  partly  through  the  spiiul 
cord  (through  the  last  two  cervical  and  two  upper  dorsal  nerves)  into  the 
cervical  sympathetic. 

{b.)  Automatic  centres. 

(1.)  Respiratory  ce?itres. — The  action  of  the  respiratory  centre  hti 
been  already  discussed.  It  is  only  necessary  to  repeat  here  that  although 
it  can  be  influenced  by  afferent  impulses,  it  is  also  automatic  in  it^ 
action,  being  capable  of  direct  stimulation,  as  by  the  condition  of  the 
blood  circulating  within  it.  It  is  also  bilateral.  It  probably  consists  of 
an  inspiratory  part  and  of  an  expiratory  part.  The  centre  is  capable  of 
being  influenced  both  reflexly  and  to  a  certain  extent  also  by  voluntary 
impulses.  The  vagus  influence  is  probably  constant  in  the  direction  of 
stimulating  the  inspiratory  portion  of  the  centre,  whereas  the  influence 
of  the  superior  laryngeal  is  not  always  in  action,  and  is  inhibitory. 

(2.)  Car dio' Inhibitory  centres.  The  action  of  these  centre  in  main- 
taining the  proper  rhythm  of  tlie  heart  through  the  vagus  fibres,  which 
terminate  in  a  local  intrinsic  mechanism,  has  been  already  discussed. 
The  centre  can  be  directly  stimulated,  as  by  the  condition  of  the  bloc^l 
circulating  within  it,  and  also  indirectly  by  afferent  stimuli,  especially 
by  stimulating  the  abdominal  sympathetic  nerves,  but  also  by  stimulat- 
ing any  sensory  nerve,  including  the  vagus  itself. 

(3.)  Accelerator  centres  for  the  heart.  The  centres  from  which  arise 
the  accelerator  fibres  of  the  heart,  in  the  medulla.  They  are  automatic 
but  not  tonic  in  action. 

(4.)  Vaso-motor  centres,  which  control  tlie  unstriped  muscle  of  the 
arteries,  are  also  situated  in  the  medulla.     Like  the  respiratory  centre, 
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they  are  bilateral.  As  has  already  been  pointed  out,  these  centres  may 
be  directly  or  reflexly  stimiitated,  lis  well  m  by  impressions  conveyed 
downward  from  the  cerebrum  to  the  medulla.  The  condition  of  the 
blood  circulating  in  them  is  the  direct  stimulus.  Its  intiueiice  is  no 
doubt  a  tonic  or  else  a  rhythmic  one.  It  is  also  Bup])osed  that  there  is 
in  the  medulla  a  special  iraso-dilator  centre  not  acting  tonically,  stimu- 
lation of  which  produces  vascular  dilatation.  The  diabetic  centre  is 
probably  a  part  of  the  vaso-motor  centre,  at  any  rate  stimulation  of  it 
causes  dilatation  of  the  vessels  of  the  liver, 

(5.)  Bilateral  chief  centres  for  the  secretion  of  Steefit  exist  in  the 
medulla.  The  centres  on  either  side  control  tlie  subsidiary  spinal  sweat 
centres.  They  may  be  excited  unequally  so  as  to  produce  unilateral 
sweating.     They  are  probably  automatic  and  reflex. 

(0.)  Bilateral  Spa,wt  centres  are  said  to  be  present  in  the  medulla, 
on  the  stimulation  of  which ^  as  by  suddenly  produced  excessive  venosity 
of  the  blood,  gnnerul  spasms  of  the  muscles  of  the  body  are  produced. 

{(\}  Cotitrol  centres.  These  are  centres  whose  influence  may  be 
directed  to  controlling  the  action  of  subsidiary  centres.     They  are — 

(L)  The  Ee.yjiraiori/  centres,  which  probably  control  the  action  of 
other  subordinate  centres  in  the  spinal  cord. 

{'I.)  The  Cardio-Inhibitorff  cGnire^^  which  act  upon  a  local  ganglionic 
mechanism  in  the  heart. 

(ti,)  The  Accvkrator  centres,  if  they  exist,  probably  act  through  a 
local  mechanism  in  the  heart. 

(4.)  The  Vaso-rnoior  centres  control  spinal  as  well  as  local  tonic 
centres. 

(5.)  The  medullary  Sweai  centres  control  the  spinal  sweat  centres. 

{d.)  Tonic  centres.  Of  the  centres  whosse  actiuti  is  tonic  or  con- 
tinuous up  to  a  certain  degree,  may  be  citctl  the  msn^nuifor  and  the  air- 
diO'inhibitory, 

It  should  not  be  forgotten  that  in  the  nunhilla  arc  the  centres  for 
the  special  senses,  Ileariuff  and  Ta,^ie^  and  that  other  special  centres  are 
sappooed  to  be  localized  there,  of  which  may  be  raentitmed  one,  the 
hypothetical  InhiMinrii  hval  ceftfre,  which  controls  the  production  of 
heat  by  the  tissues,  independently  of  the  vuso- motor  centre. 

The  Cranial  Nerves. 

The  cranial  nerves  consist  of  twelve  pairs;  they  ajipcur  to  arise  (su- 
perficial origin)  from  the  base  of  the  brain  in  a  double  series,  which 
extends  from  the  under  surface  of  the  anterior  part  ui  the  cerebnim  to 
the  lower  end  of  the  medulla  oblongata.  Traced  into  the  substance  of 
the  brain  and  medulla,  the  roots  of  the  nerves  are  found  to  take  origin 
from  various  masses  of  gray  matter. 
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The  roots  of  the  first  or  olfactory  and  of  the  second  or  optic  nenreg 
will  be  mentioned  elsewhere.  The  third  and  fourth  nerves  ariae  from 
gray  matter  beneath  the  corpora  quadrigemina;  and  the  roots  of  origin 
of  the  remainder  of  the  cranial  nerves  can  be  traced  to  gray  matter  in 
the  floor  of  the  fourth  ventricle,  and  in  the  more  central  part  of  the 
medulla,  around  its  central  canal,  as  low  down  as  the  decussation  of  the 
pyramids. 

According  to  their  several  functions  the  cranial  nerves  may  be  thm 
arranged : — 


a.  Nerves  of  special  sense 


b. 
c. 


Nerves  of  common  sensation 
Nerves  of  motion 


d.  Mixed  nerves 


Olfactory.  Optic,  Auditory,  part  of  tlie 

Glosso- pharyngeal,    and    part  of  the 

Fifth. 
The  greater  portion  of  the  Fifth. 
Third,   Fourth,    lesser  division  of  the 

Fifth,  Sixth.  Facial,  and  Hypogload. 
Glosso-phaiyngeal,  Vagus,   a^d   ^inal 

accessory. 

The  physiology  of  the  First,  Second,  and  Eighth  will  be  considered 
with  the  organs  of  Special  sense. 

The  Illrd  Nerve  {Motor  Ocnli). 

Origin, — The  third  nerve  arises  in  three  distinct  bands  of  fibres  from 
the  gray  matter  surrounding  the  aqueduct  of  Sylvius  near  the  middle 
line  ventral  to  the  canal.     The  nucleus  of  origin  consists  of  large  multi- 


njc 


Fijf.  863.— Section  through  anterior  corpus  quadrigemlnum  and  part  of  optic  thaUmuB.  i.. 
Aqueduct  of  Sylvius;  r/r.,  gray  matter  of  the  aqueduct;  c.g.u.,  quadrigeminal  emineooe:  I, 
-.*_^*.       1        i._. .         _      .  ..  .  .  r^..  pulvinate  of  < 


stratum  leinnisci ;   o. ,  stratum  opticuui ;   c,  stratum  cinereum;    Th, 


'  optic  thala- 


mus; c.g.e.y  c.g.i.,  lateral  and  median  corpora  geniculata;  fcr.«.,  br'.i.^  superior  and  inferior 
brachia;/.,  fillet;  p.i.,  posterior  longitudinal  bundle:  r.,  raph(^;  ///.,  third  nerve,  and  ».///., 
its  nucleus;  I. p.p.,  posterior  perforated  space;  ».n.,  substantia  nigra,  above  this  is  the  tegmea- 
tum  with  the  circular  area  of  the  red  nucleus;  cr.,  crusta:  //.,  optic  tract;  M.,  medullary  centrf 
of  hemisphere;  ?i.o.,  nucleus  caudatus:  st.^  stria  terminalis.     (After  Quain,  from  Meynert.) 

polar  ganglion-cells,  and  extends  to  the  back  part  of  the  third  ventricle 
as  far  as  the  level  of  the  anterior  corpus  quadrigeminum.  The  fibres 
pass  from  their  origin  partly  through  the  red  nucleus  to  their  superficial 
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fill  in  front  of  the  pons,  at  the  median  side  of  each  crng.     They  de- 
ite  with  their  fellows  in  the  mid  die  raphe.     The  Derve  is  connected 

rith  the  optic  nerve. 

Function. — It  supplies  the  levator  palpebri^  giiperioris  muscle,  and 

ill  of  the  muscles  of  the  eyeball,  except  the  superior  oblique  to  which 


Flff,  3&4.  — DiAgrain  of  a  longitudinal  sjeetion  throujerh  the  pons,  showinjr  the  relation  of  the 
nuclei  for  the  ocular  luumrlee.  cq^,  ccirp<»m  qiifMlriKemina;  3,  thin!  tiKrvf :  ltl«  lt*i  nucleiiU);  I, 
I  fourth  nerve:  iv,  it,s  uucleufi^  thii  pciHterJor  imrt  of  the  thin!;  C,  Hixth  nervf.  The  probable 
L  position  of  the  centre  aii<]  nerve  Obre«  for  accointJiiKliLtiou  1m  lihowii  at  ci  and  n\  for  the  rellex 
I  ACtloD  of  Iris,  at  5,  aocl  b' \  for  the  external  rf^ys  Diu§e]e«i,  at  r.  v\  The  Unea  beneath  the 
I  floor  of  the  fourth  Tentrjele  indicate  fibres,  which  connect  the  nucteL     lUowers.  > 

[llie  fourth  nerve  is  appropriated,  and  the  rectus  exteriins  which  receives 
[the  sixth  nerve.     Through  the  medium  of  the  oi)hthalmic  or  lenticular 
ganglion,  of  which  it  forms  what  is  called  the  short  root,  it  also  supplies 
motor  filaments  to  the  iris  and  ciliary  muscle.     The  Hbrea  which  sub- 
serve the  three  fimetions,  iit^commmlution,  contraction  of  the  pupil,  and 
L  nerve-supply  to  the  external  ocular  muscles,  arise  from  three  distinct 
[  groups  of  cells. 

When  the  third  nerve  is  irritated  within  the  skull,  all  those  muscles 

'  to  which  it  13  distributed  are  convulsed.     AVheu  it  is  jjttrahfzeil  or  dividni 

'the  following  effects  ensue: — ^(1)  the   upper  eyelid  can  be  no  longer 

I  raised  by  the  levator  palpcbne,  but  droopts  {ptost.s)  and  remains  gently 

I  closed  over  the  eye,  under  the  unbalanced  inllucuce  of  die  orbicularis 

palpebrarum,  which  is  supplied  by  the  facial  nerve:  (2)  the  eye  is  turned 

I  outward  and  downward  (extenml  drabiHrnuH)   by  tiic  unbalanced  action 

I  of  the  rectus  extemus  and  superior  oblique  to  which  the  sixth  nerve  is 

[appropriated;  and  hence,  from  the  irregularity  of  the  axes  of  the  eycjs, 

I  double  sight,  dipiopia,  is  often  experienced  when  a  single  object  is  within 

Tiew  of  both  the  eyes:  (3)  the  eye  eaniioi  be  nwvcd  eiiher  upward^  down- 

\ward^  or  inward:  (4)  the pnpU  becomes  dilated  (mydriasis);  (5)  tho  eye 

cannot  ^commodate  for  short  distances. 


r 


The  IVth  Nenre  {Trochlmris), 

Origin. — The  IVth  nerve  arises  from  a  nucleus  consieting  of  large 
multipolar  ganglion  cells  situated  below,  /.t\,  ventral  to  the  aqueductus 
of  Sylvius,  which  extends  from  the  back  part  of  the  nucleus  of  the 
third  nerve  to  the  hind  level  of  the  posterior  corpus  quadrigeminum. 
The  fibres  from  either  side  sweep  round  the  central  gray  matter,  and 
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reach  the  valve  of  Vieussens,  where  they  decussate  in  the  middle  line 
and  appear  at  the  front  of  the  pons  at  the  lateral  edge  of  the  cms.    The 


Fig.  866.  —Fourth  ▼entricle  with  the  medulla  oblonKata  and  the  corpora  (luadrigeniiiM.  Iki 
roman  numbers  indicate  superficial  origins  of  the  cranial  nerves,  while  the  other  immbai  ii. 
dicate  their  deep  origins,  or  the  position  of  their  central  nuclei.  8,  8%  8^',  8'",  auditory  Bodd 
nenres;  f,  funiculus  teres:  A^  B,  corooraquadlrijgemina;  c.g^  corpus  geniculatum ;  p,  c,  pedoB- 
culus  cerebri:  m,  c,  p.  middle  oerebellar  i)eduncie;  «,  c,  p,  superior  cerebellar  peduncle;  t,  cyi. 
inferior  cerebellar  peduncle;  /,  c,  locus  csBnileus;  e,  t,  eminentia  teres;  a,  a,  ala  cinerea;  a,ii. 
accessory  nucleus;  o,  obex;  c,  dava;  /,  c,  funiculus  cuneatus;  /,  g,  funiculus  gracilis. 

nucleus  of  the  fourth  nerve  on  either  side  is  connected  with  those  of  the 
third  and  sixth  nerves. 

Functions. — The  IVth  nerve  is  exclusively  motor,  and  supplies  only 
the  trochlearis  or  obliquus  superior  muscle  of  the  eyeball. 

The  Vth  Nerve  {Trigeminus), 

Origin, — The  Vth  or  Trigeminal  nerve  resembles,  as  already  stated, 
the  spinal  nerves,  in  that  its  branches  are  derived  through  two  roots; 
namely,  the  larger  or  sensory^  in  connection  with  which  is  the  Gasserian 
ganglion,  and  the  smaller  or  rnotar  root  which  has  no  ganglion,  and 
which  passes  under  the  ganglion  of  the  sensory  root  to  join  the  third 
branch  or  division  which  ensues  from  it.  The  fibres  of  origin  of  the 
fifth  nerve  come  from  the  floor  of  the  fourth  ventricle.  The  motor  rook 
to  the  inside  of  the  sensory,  about  the  middle  of  each  lateral  half.  The 
sensory  fibres,  however,  can  be  traced  down  in  the  medulla  oblongata  as 
far  as  the  upper  part  of  the  cord.  From  the  motor  nucleus  there 
stretches  forward  as  far  as  the  anterior  corpus  quadrigeminum  a  bundle 
of  long  fibres  termed  the  descending  root,  which  has  attached  to  it  sparse 
spheroidal  nerve-cells.  It  is  also  connected  with  the  locus  cseruleus. 
The  sensory  nucleus  outside  the  motor  has  connected  with  it  a  tract  of 
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Ibres  from  the  cord  na  low  us  the  second  corvictil  tierve,  and  this  forms 
tract  at  the  tip  of  the  posterior  coriiu,  between  it  and  the  reatiform 
ly.  No  nen'e  cells  are  connected  with  it.  The  roots  can  be  traced 
^obliquely  through  the  pons  Varolii,  beneath  the  floor  of  the  front  part 
of  the  fonrth  ventricle.  The  motor  root  is  in  a  position  median  to 
aensory.  The  nerve  appears  at  the  ventral  surface  of  the  pons  near  its 
front  edge,  at  some  distance  from  the  middle  line. 

Function, — The  first  and  second  divisions  of  the  nerve,  which  arise 
wholly  from  the  larger  root,  are  purely  sensory.  The  third  division 
being  joined,  oa  before  said,  by  the  motor  root  of  the  nerve,  is  of  course 
both  motor  and  nensory, 

(a.)  ilfo/or.— Through  branches  of  the  lesser  or  non-ganglion ic  por- 
tion of  the  fifth,  the  muscles  of  ma.'itiration^  namely,  the  temporal,  mas- 
setcr,  two  pterygoid,  anterior  part  of  the  digastric,  and  mylohyoid, 
derive  their  motor  nerves.  Filaments  are  also  supplied  to  tlie  tensor 
ttpnpftni  and  tenmr  patati.  The  motor  function  of  these  branches  is 
proved  by  the  violent  contract ioii  of  nil  the  muscles  of  mastication  in 
experimental  irritation  of  the  third  or  inferior  maxillary  division  of  the 
roerve;  by  paralysis  of  the  s^iimc  muscle,  when  it  is  divided  or  disorgan- 
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WXk.  89B.— Section  acrofia  the  |ioq!i.  about  the  mIddV  of  the  fourth  vetitricl#».  py.^  pjrrainidal 
buodlm:  jpo.t  train»T*^rae  flbres  piiHsin^  po^.  behintl,  and  pog,  in  frtiul  of  py.  ;  r, ,  raph^:  o.  j.,  su- 
perior olive*  a^V.^  butnlJ«fl  nt  aseeodnitc  root  of  V.  nerve  ineloisefl  in  a  iindonj^atioti  of  the  »ut> 
«(tance  of  Rolancto;  f/*  Ui«  alictU  ntrre,  nVI.^  tt-s  nucleus;  VIL,  faulaL  n**rve;  r//.a..  In- 
termediate portion,  n.VfL,  itH  nucleiiis;  Vlli.,  auditory  nerve,  nVUL  lateral  nucleus  of  the 
auditor>^     ( After  Quain.  J 

ized,  or  from  any  reason  deprived  of  power;  and  by  the  retention  of  the 
power  of  these  muscles,  when  all  those  supplied  by  the  facial  nerve  lose 
their  power  through  paralysis  of  that  nerve.  The  bust  inatance  proves 
best,  that  though  the  buccinator  muscle  gives  passage  to,  and  receives 
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some  filaments  from,  a  buccal  branch  of  the  inferior  division  of  the  fifth 
nerve,  yet  it  derives  its  motor  power  from  the  facial,  for  it  is  paralyinl 
together  with  the  otlier  muscles  that  are  supplied  by  the  facial,  but 
retains  its  power  when  the  other  muscles  of  mastication  are  paraljzei]. 
Whether,  however,  the  branch  of  the  tif  th  nerve  which  is  supplied  U> 
the  buccinator  muscle  is  entirely  sensory,  or  in  part  motor  also,  mast 
remain  for  tlie  present  doubtful.  From  the  fact  that  this  muscle,  he< 
sidt^a  its  other  functions,  acts  in  concert  or  harmony  w^ith  the  musdegof 


Fifr.  307.  — t^QC'fa]  pUn  of  the  brfttiL'hi?s  of  the  fifth  pair  H^— I.  leaser  root  at  tbft  flfUi 
pair:  'i,  jrreAtt^r  t^mh  pmviItik  funrard  Inio  ttM"*  riastiifrian  f^nf^lion;  3.  plao^l  on  tlie  bone  abon 
th*'  onhtTuiLuih'  ii»'rv«»,  whitTh  la  »w?n  diTldini;  ioto  the  Rupra-orbitaL  laehrvrnal,  and  bshI 
Itmncnt's,  the  hitter  coiim><cted  with  the  ophthalmii.;  MTJiD^Iion;  4,  ptao4H]  qq  the  booe  doae  to  tfar 
fornuK-n  rtitiitidUDi,  «iiHrki«  the  superior  maxillarv  division,  which  is  eaiiii*cted  below  with  the 
fiphfTio-paltttint'  gimglion.  aadpaoBca  forwarifl  to  trie  Infm-orbital  foramen:  5^  placed  oo  the  bofw 
ov»T  thf  fdramoti  ovalf,  markfii  the  itifetior  maxillarj  nerve,  frivtnj?  off  the  anterior  aoriatiir 
and  muscnhir  bmni  hes,  and  cpnlinnwl  hy  the  inferior  dental  to  the  lower  jaw,  and  by  the  m 
tator>-  to  the  toujaif;  o,  tUv  HuhauLXillary  elaiHl,  the  KubmaxJIlary  iruif^lion  placed  above  Ria 
connection  with  t)ie  ^iiNtutory  oerve:  il.  the  chorda  tjmpani ;  7.  the  facial  nerve  iMnlajp  troa 
the  stylomastoid  foramen.     ^Charles  Bell. ) 


mastication,  in  keeping  the  food  between  the  teeth,  it  might  be  sup- 
posed from  analogy,  thitt  it  would  have  a  motor  branch  from  the  same 
nerve  that  supplies  them.  There  can  be  no  doubt,  however,  thatti 
so-called  buccal  hraiieli  of  the  fifth  is,  in  the  main,  sensory;  although 
it  is  not  quito  certain  that  it  doe^  not  give  a  few  motor  filaments  to  tlit 
buccinator  muscle* 

(b,)   iSen^rt/. — Through  the  branches  of  the  greater  or  gugjienjc 
portion  of  the  tif  th  nerve,  all  the  anterior  and  antero-Iateml  psrtB  «f  th 
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foce  and  head,  with  the  exception  of  the  skin  of  the  parotid  region 
(which  deriven  brancheii  from  the  cervical  spinal  nerves),  acquire  com- 
mon sensibility ;  and  among  these  parts  may  be  included  the  organs  of 
epeeial  sense,  from  which  common  aensattona  are  conveyed  through  the 
fifth  nerve,  and  their  special  sensations  through  their  several  nerves  of 
special  sense.  ^Iho  muscles,  also,  of  the  face  and  lower  jaw  acquire 
muscalar  sensibility,  through  the  filaments  of  the  ganglionic  portion  of 
the  fifth  nerve  distributed  to  them  with  their  proper  motor  nerves.  The 
sensory  function  of  the  branches  of  the  greater  division  of  the  fifth  nerve 
is  proved,  by  idl  the  usual  evidences,  such  as  their  distribution  in  parts 
that  are  sensitive  and  not  capable  of  mnscular  contraction,  the  exceeding 
sensibilitj  of  some  of  these  parta,  their  loss  of  sensation  when  the  nervq 
is  paralyzed  or  divided,  the  pain  without  convulsions  produced  by  mor- 
bid or  experimental  irritation  of  the  trunk  or  branches  of  the  nerve^ 
and  the  analogy  of  this  portion  of  the  fifth  to  the  posterior  root  of  the 
spinal  nerve. 

Other  Funetmw, — In  relation  to  muscnkir  moimnents^  the  branchefl 
of  the  greater  or  ganglionic  portion  of  the  fifth  nerve  exercise  a  mani- 
fold influence  on  the  movements  of  the  muscles  of  the  head  and  face 
and  other  parts  in  which  they  are  distributed.  They  do  so,  in  the  first 
place  {a)^  by  providing  the  muscles  themselves  with  that  sensibility 
without  which  the  mind,  being  unconscious  of  their  position  and  state, 
cannot  voluntarily  exercise  them.  It  is,  probably,  for  conferring  this 
sensibility  on  the  muscles,  that  the  branches  of  the  fifth  nerve  commu- 
nicate so  frequently  with  those  of  the  facial  and  hypoglossal,  and  the 
nerves  of  the  muscles  of  the  eye;  and  it  is  because  of  the  loss  of  this 
sensibility  that  when  the  fifth  nerve  is  clivided,  animals  are  always  8h;>w 
and  awkward  in  tbe  movement  of  the  muscles  of  the  faoe  and  head-,  or 
hold  them  still,  or  guide  their  movements  by  the  sight  of  the  objects 
toward  which  they  w4sh  to  move. 

{b,)  Again,  the  fifth  nerve  has  an  indirect  influence  on  the  muscular 
movements,  by  conveying  sensations  of  the  state  and  position  of  the  skin 
and  other  parts:  which  the  mind  perceiving,  is  enabled  to  det^jrmine 
appropriate  acts.  Thus,  when  the  fifth  nerve  or  the  infra*orbital  branch 
is  divided,  the  movement  of  the  lips  in  feeding  may  cease,  or  be  imper- 
fect. 

(r,)  An  intimate  connection  with  muscular  movements  through  the 
many  refiex  acts  of  muscles  of  which  it  is  the  nece^Siiry  excitant.  Hence, 
when  it  is  divided  and  can  no  longer  convey  impressions  to  the  nervous 
centres  to  be  thence  reflected,  the  irritation  of  the  conjunctiva  produces 
no  closure  of  the  eye,  the  mechanical  irritation  of  the  nose  excites  no 
sneezing. 

(<i.)  Through  its  ciliary  branches  and  the  branch  which  forms  the 
37 
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long  root  of  the  ciliary  or  oplithalmie  ganglion,  it  exercises  al^j  ym^  ^ 
influence  on  the  movements  of  the  iri§.  When  the  truuk  of  the  opL- 
thalmic  portion  is  divided,  the  pupil  becomes,  according  to  V'alentiii, 
contracted  in  men  and  rtibbits,  and  diluted  in  cats  and  dogs;  but  in  all 
cases,  becomes  immovable  even  under  all  the  varietieB  of  the  stininltia  uf 
light.  How  the  fifth  nerve  thus  affects  the  iris  is  unexplained ;  it  hu 
been  ingeniously  suggested  the  influence  of  the  fifth  nerve  on  the  mere- 
njentsf  of  the  iris  may  be  tiscribed  to  the  affection  of  vision  in  cooaeqtieDoe 
of  the  disturbed  circulation  or  nutrition  in  the  retina,  when  the  nonuiil 
influence  of  the  fiftli  nerve  is  disturbed.  In  such  disturbance^  increafied 
circulation  making  tiie  retina  more  irritable  might  induce  extreme  con- 
traction of  the  iris. 

Trophir  influence. — The  morbid  effects  which  division  of  the  fifth 
nerve  produces  in  the  organs  of  special  sense,  make  it  probable  that,  in 
the  normal  atate,  the  fifth  nerve  exercises  some  special  or  trophir  influ- 
ence on  the  nutrition  of  all  these  organs;  although,  in  part,  the  effect 
of  the  section  of  the  nerve  is  only  indirectly  destructive  by  abolishing 
sensation,  and  therefore  the  natural  safeguard  which  leads  to  the  pr(Nfl 
tection  of  parts  from  external  injury.  Thus,  after  such  division,  within 
a  period  varying  from  twenty-four  hours  to  a  week,  the  cornea  begins  to 
be  ojiaque;  then  it  grows  completely  white;  a  low  destructive  inflamma- 
tory process  ensues  in  the  conjunctiva,  sclerotica,  and  interior  parts  of 
the  eye;  and  within  one  or  a  few  weeks,  the  whole  eye  may  be  rjuite 
disorganized,  and  the  cornea  may  slough  or  be  penetrated  by  a  la 
ulcer.  The  sense  of  smell  (and  not  merely  that  of  mechanical  irritati' 
of  the  nose),  may  be  at  the  same  time  lost  or  gravely  impaired;  so  m; 
the  hearing,  and  commonly,  whenever  the  fifth  nerve  is  paralyzed,  the 
tongue  loses  the  sense  of  taste  in  its  anterior  and  lateral  part«,  and  ac* 
cording  to  Gowers  in  the  posterior  part  as  well. 

in  relaiiofi  to  Taste, — Tlie  loss  of  tactile  sensibility  as  well  ii£  the 
sense  of  taste,  is  no  doubt  due  {a)  to  the  lingual  branch  of  the  fifth  nervo 
l)eing  a  nerve  of  tactile  sense,  and  idso  because  with  it  runs  the  chorda 
tympani,  which  is  one  of  the  nerves  of  taste;  partly,  also,  it  is  due  (A), 
to  the  fact  that  this  branch  supplies,  in  the  anterior  and  lat4?ral  parts  of 
the  tongue,  a  necessary  condition  for  the  proper  nutrition  of  that  part; 
while  (f),  it  forms  also  one  chief  link  in  the  nervous  circle  for  reflei| 
action,  in  the  secretion  of  saliva.  But,  deferring  this  question  until' 
the  glosso'pharyngoal  nerve  is  to  be  considered,  it  may  be  observed  that 
in  some  brief  time  after  complete  paralysis  or  division  of  the  fifth  nerve, 
the  power  of  all  the  organs  of  the  special  senses  may  be  lost:  they  maj 
lose  not  merely  their  sensibility  to  common  impressions,  for  which  they 
all  depend  directly  on  the  fifth  nerve,  but  also  their  sensibility  to  their 
several  peculiar  impressions  for  the  reception  and  conduction  of  wbieh 
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they  are  purposely  construotod  and  supplied  with  special  nerves  besides 
the  fifth.  The  facts  observed  in  these  cases  can,  perhaps,  be  only  ex- 
plained by  the  iniuence  which  the  fifth  nerve  exercises  on  the  nutritive 
processes  in  the  organs  of  the  special  senses.  It  is  not  unreasonable  to 
l}elieve,  that,  in  paralysis  of  the  fifth  nerve,  their  tissues  may  be  the 
seats  of  such  changes  as  are  seen  in  the  laxity,  the  yascular  congestion, 
a^denia,  and  other  affections  of  the  skin  of  the  face  and  other  tegunien- 
tary  parts  which  also  accompany  the  paralysis;  and  that  these  changes, 
which  may  appear  unimportant  when  they  affect  external  parts,  are 
sufficient  to  destroy  tiuit  refinement  of  strueture  by  which  the  organs  of 
the  apecial  aenses  are  adapted  to  their  functions. 

The  Vlth  Nenre  (Abducens), 

Origin. — The  Vlth  nerye  arises  from  a  compact  oval  nucleus,  situ- 
ated somewhat  deeply  at  the  back  part  of  the  pons  near  the  middle  of 
the  floor  of  the  fourth  ventricle.  The  eminentia  teres  marks  its  posi- 
tion. It  contains  moderately  large  nerve-cells  with  distinct  axis  cylin- 
der processes.  It  is  connected  (fig.  304)  with  the  nuclei  of  the  third, 
fourth,  and  seventh  nerves.  It  is  nearer  the  middle  line  than  the  nuclei 
of  the  fifth  and  seventh.  The  root  is  thin,  and  passes  ventrally  and 
laterally  through  the  reticular  formation,  to  the  surface,  which  it  reaches 
at  the  hind  end  of  the  pons  opposite  the  front  end  of  anterior  pyramid, 

Fu/iciion.s. — ^The  sixth  nerve  ia  exclusively  motor,  and  supplies  only 
the  rectus  externua  muscle  of  the  eye. 

The  rectos  externus  is  convulsed,  and  the  eye  is  tnrned  outward, 
when  the  sixth  nerve  is  irritated;  and  the  muscle  is  paralyzed  when  the 
nerve  is  divided.  In  all  such  cases  of  paralysis,  the  eye  squints  inward, 
and  cannot  be  moved  outward. 

In  its  course  through  the  cavernous  sinus,  the  sixth  nerve  forms 
larger  communications  with  the  sympathetic  nerve  than  any  other  nerve 
within  the  cavity  of  the  skull  does.  But  the  import  of  these  communi- 
cations with  the  sympathetic,  and  the  subsequent  distribution  of  its 
filaments  after  joining  the  sixth  nerve,  are  quite  unknown. 


The  Vllth  Nerve  (Faeial). 

Origin, — The  facial,  or  porfio  dura  of  the  seventh  pair  of  nerves, 
arises  from  the  floor  of  the  central  part  of  the  fourth  ventricle  behind 
and  in  line  with  the  motor  nucleus  of  the  fifth,  to  the  outside  of  and 
deeper  down  than  the  nucleus  of  the  sixth.  The  nucleus  is  narrower  in 
front  than  behind,  and  consists  of  large  cells  with  well  marked  axis 
cylinder- processes,  which  are  gathered  up  at  the  dorsal  surface  of  the 
nucleus  to  form  a  root.     The  root  describes  a  loop  round  the  nucleus  of 
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the  sixth  nerve,  running  forward  for  some  little  distance  dorsal  tolE? 
nucleus,  then  descending  vertiwiUy,  passing  to  oiitsido  of  its  uwn  nuclem 
between  it  and  the  ascending  root  of  fifth  nerve.  It  emerges  at  theij 
hinder  margin  of  the  paiiB  Interal  to  the  sixth  nerve,  opposite  the  front 
edge  of  the  groove  between  the  olivary  and  restiform  boiUe«.  It  may  he 
connected  with  the  hypoglossal  nucleus.  There  are  two  roots;  the  lower 
and  smaller  is  oalled  the  portio  intermedia. 

Fund  ions. — The  seventh  nerve  is  the  motor  nerve  of  all  the  musclei 
of  the  face,  including  the  platysma,  but  not  including  any  of  the  mui- 
cles  of  mastication  already  enumerated;  it  supplies,  also,  the  parotid 
gland,  and  through  the  connection  of  its  trunk  with  the  Vidian  nervr, 
by  the  petrosal  nerves,  some  of  the  muscles  of  the  soft  palate,  probubl? 
the  levator  palati  und  azygos  uvulie.  By  its  tympanic  branches  it  sup- 
plies the  stapedius  and  laxator  tympani ;  and  through  the  optic  ganglioa, 
the  tensor  tympani ;  through  the  rhordtt  ttfmpani  it  sends  branches  ta 
the  submaxillary  gland  and  to  the  lingnalis  and  some  other  mnscukr 
fibres  of  the  tongue,  and  to  the  mucous  membrane  of  its  anterior  two- 
thirds;  and  l^  branches  given  off  before  it  comes  upon  the  face,  it  sap- 
plies  the  muscles  of  the  external  ear,  the  posterior  part  of  the  diga** 
tricus,  and  the  stylo-hyoideus. 

Beside  its  motor  influence,  the  facial  is  also,  by  means  of  the  fibro 
which  are  supplied  to  the  submaxillary  and  parotid  glands,  a  secreiofj 
nerve.  For,  through  tlie  last-named  branches,  impressions  may  be  con- 
veyed which  excite  increased  secretion  of  sidiva. 

Farahfmji  of  Facial  Xerre. — When  the  facial  nerve  is  divided,  or  in 
any  other  way  paralyzed,  the  loss  of  power  in  the  muscles  which  it  gup- 
plies,  while  proving  the  nature  and  extent  of  its  functions,  displays  alao 
the  necessity  of  its  perfection  for  the  perfect  exercise  of  all  the  organ&M 
of  the  special  senses.  Thus,  in  paralysis  of  the  facial  nerve,  the  orbicn-  ■ 
laris  palpebrarum  being  powerless,  the  eye  remains  open  through  the 
unbalanced  action  of  the  levator  palpebrte;  and  the  conjunctiva,  thus 
continu^ly  exposed  to  the  air  and  the  contact  of  dust,  is  liable  to  re- 
peated  infiammation,  which  may  end  in  thickening  and  opacity  of  thdi 
cornea.  These  changes,  however,  ensue  much  more  slowly  than  those 
which  follow  paralysis  of  the  fifth  nerve,  and  never  bear  the  same  de- 1 
structive  character. 

Tlie  sense  of  hearing,  also,  is  impaired  in  many  cases  of  paralysis  of  ' 
the  facial  nerve;  not  only  in  such  as  are  instances  of  simultaneous  dis- 
ease in  the  auditory  nerves,  but  in  such  as  may  be  explained  by  the  loss 
of  power  in  the  muscles  of  the  intemid  ear.  The  sense  of  smell  is  com- 
monly at  the  same  time  impaired  through  the  inability  to  draw  air 
briskly  toward  the  upper  part  of  the  nasal  cavities  in  which  part  alone 
the  olfactory  nerve  is  distributed;  because,  to  draw  the  air  perfectly  in 
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this  dtreetion,  tlie  action  of  the  dilators  and  compressors  of  the  nos- 
trils should  be  perfect. 

Lastly,  the  sense  of  taste  is  impaired,  or  may  be  wholly  lost  in  paral- 
ysis of  the  facial  nerve,  provided  the  aouree  of  the  paralysis  he  in  some 
part  of  the  nerve  between  its  origin  and  the  giving  off  of  the  chorda  tym* 
pani.  This  result,  which  has  been  observed  in  many  instances  of  disease 
of  the  facial  nerve  in  man,  appears  explicable  on  the  supposition  that  the 
chorda  tympani  is  the  nerve  of  taste  to  the  anterior  two-thirds  of  the 
tongiie,  its  fibres  being  distributed  with  the  so-called  gustatory  or  lingual 

(branch  of  the  fifth.  Some  look  upon  the  chorda  as  partly  or  entirely 
made  up  of  fibres  from  the  fifth  nerve^  and  not  strictly  speaking  as  a 
branch  of  the  facial ;  others  consider  that  it  receives  its  taste  fibres  from 

t  communications  with  the  glosso-pharpigeal. 
Together  with  these  effects  of  paralysis  of  the  facial  nerve,  the  mus- 
cles of  the  face  being  all  powerless,  the  countenance  acquires  on  the 
»  paralyzed  side  a  characteristic,  vacant  look,  from  the  absence  of  all  ex- 
pression: the  angle  of  the  mouth  is  lower,  and  the  paralyzed  half  of  the 
month  looks  longer  than  that  on  the  other  side;  the  eye  has  an  unmean- 
ing stare.  All  these  peculiarities  incrciise,  the  longer  the  paralysis 
lasts;  and  their  appearance  is  exaggerated  when  at  any  time  the  muscles 
of  the  opposite  side  of  tlie  face  are  made  active  in  any  expression,  or  in 
any  of  their  ordinary  functions.  In  an  attempt  to  blow  or  whistle,  one 
side  of  the  mouth  and  cheeks  acts  properly,  but  the  other  side  is  mo- 
tionless, or  flaps  loosely  at  the  impulse  of  the  expired  air;  so  in  trying 
to  suck,  one  side  only  of  the  mouth  act.s;  in  feeding,  the  lips  and  cheeks 
are  powerless,  and  on  account  of  paralysis  of  the  buccinator  muscle  food 
lodges  between  the  cheek  and  gums. 


I 


I 


The  Vlllth  Nerve  {AndUory). 

Ongin,— The  Vlllth  nerve  arises  from  two  nuclei,  ynedian  and  l&t- 
eral,  in  the  floor  of  the  fourth  ventricle,  in  the  anterior  part  of  the 
bulb  in  front  and  to  the  side  of  the  twelfth  nerve;  it  extends  from  the 
middle  line  to  the  outside  margin  of  the  ventricle.  There  is  also  an 
accessory  nucleus  situated  on  the  ventral  surface  of  the  restiform  body. 
The  nerve  leaves  the  surface  of  the  brain  from  the  ventral  surface  of  the 
fore-part  of  the  restiform  body  at  the  hind  margin  of  the  pons  in  two 
roots.  One  winds  round  the  restiform  body  dorsal  to  it  and  the  other 
passes  median  to  it.  The  former  is  called  the  dorsal  root.  The  latter 
is  called  the  venfra/  root.  Most  of  the  fibres  of  the  dorsal  root  (corhleur) 
end  in  cells  of  the  (recessorjf  nucleus,  but  fibres  emerging  from  this  nu- 
cleus pass  inward  to  the  bulb,  superficially,  forming  the  strim  acustivm 
in  the  floor  of  the  fourth  ventricle  and  end  in  the  median  nucleus.     Most 
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of  the  fibres  of  the  ventral  root  (vestibular)  end  in  cells  of  the  lateral 
nucleus.  The  cells  of  the  median  nucleus  are  small,  those  of  the  lateral 
nucleus  large. 

I  unctions. — The  cochlear  branch  is  the  auditory  nerve  proper,  and 
the  vestibular  is  distributed  to  the  semicircular  canals,  the  utricule  and 
saccule,  parts  of  the  internal  ear  not  directly  concerned  with  hearing. 

The  IXth  Nerve  (Glosso-PharyngeaJ). 

Origin. — The  glosso-pharyngeal  nerves  (ix.,  fig.  364),  in  the  enume- 
ration of  the  cerebral  nerves  by  numbers  according  to  the  position  in 
which  they  leave  the  cranium,  are  considered  as  divisions  of  the  eigUk 
pair  of  nerves^  the  vagus  and  spinal  accessory  nerves  being  included  with 
them.  The  union  of  the  nuclei  is  indeed  so  intimate  that  it  will  be  as 
well  to  take  the  origins  of  the  ninth,  tenth,  and  eleventh  nerves  together. 

These  three  nerves  emerge  from  the  bulb  and  spinal  cord  in  their 
numerical  order  from  above  downward,  the  bulbar  portion  from  the  lat- 
eral aspect  of  the  bulb  in  a  line  between  the  olivary  and  restif orm  bodies; 
and  the  spinal  portion  from  a  line  intermediate  between  the  anterior  and 
posterior  nerve  roots  as  far  down  as  the  sixth  or  seventh  cervical. 

The  combined  glosso-pharyngeal-accessory- vagus  nucleus  appears  to 
consist  of  two  parts,  viz. ,  one  median  or  common  origin,  having  con- 
spicuous nerve-cells  of  moderate  size,  and  three  lateral  origins^  having 
but  few  cells  of  small  size.  These  are — i.  the  nucleus  ambiguuSy  which 
lies  on  the  lateral  side  of  the  reticular  formation  and  is  the  origin  of  the 
vagus;  ii.  the  fasciculus  solitarius^  situated  in  the  bulb,  ventral  and  a 
little  lateral  to  the  combined  nucleus,  is  also  called  the  ascending  root 
of  the  glosso-pharyngeal  nerve  or  the  respiratory  bundle ;  and  iii.  the 
spinal  portion  which  takes  origin  from  a  group  of  cells  lying  in  the  ex- 
treme lateral  margin  of  the  anterior  cornu.  This  is  the  origin  of  the 
spinal  accessory;  it  corresponds  to  the  antero-lateral  nucleus  of  the  bulb, 
and  the  lateral  part  of  the  gray  matter  of  the  spinal  cord. 

Tlie  fibres  of  the  spinal  origin  of  the  nerve  pass  from  these  cells 
through  the  lateral  column  to  the  surface  of  the  cord. 

The  fibres  from  the  combined  nucleus^  chiefly  from  the  median  part^ 
pass  in  a  ventral  and  lateral  direction  through  the  reticular  formation, 
then  ventral  to  or  through  the  gelatinous  substance  and  strand  of  fibres 
connected  with  the  fifth  nerve,  to  the  surface  of  bulb. 

The  fibres  from  the  nucleus  amhigiius  join  the  combined  nerve,  but 
especially  the  vagus. 

The  bundles  of  fibres  of  the  fasciculus  solitarius  start  in  the  lateral 
gray  matter  of  the  cervical  cord  and  higher  in  the  reticular  formation 
of  the  bulb,  run  longitudinally  forward  to  pass  into  the  roots  of  the  ninth 
nerve. 
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IXth  Nerve. — Distribution, —The  glosso -pharyngeal  nerve  gives  fila- 
ments through  its  tympimic  branch  (Jacobaon's  nerve),  to  the  feneatra 
ovalis  and  fenestra  rotunda,  and  tlie  Eustachian  tube,  fiartij  of  the  mid- 
dle ear;  also,  to  the  carotid  plexus,  and  through  tiie  petrosal  nerv^e,  to 
the  spheno-palatine  ganglion.  After  communicating,  either  within  or 
without  the  cranium,  with  the  vagus,  and  soon  after  it  leaves  the  cra- 
nium, with  the  sympathetic,  digastric  branch  of  the  facial,  and  the 
accessory  nerve,  the  glosso- pharyngeal  nerve  parts  into  the  two  principal 
divisions  indicated  by  its  name,  and  supplies  the  mucous  membrane  of 
the  posterior  and  lateral  walls  of  the  upper  part  of  the  pharynx,  the 
Enetachian  tube,  the  arches  of  the  palate,  the  tonsils  and  their  mucous 
membrane,  and  the  tongne  m  far  forward  as  the  foramen  caecum  in  the 
middle  line,  and  to  near  the  tip  at  the  sides  and  inferior  part. 

Functions, — The  glosso-pharyngeal  nerve  contains  some  motor  fibres, 
togetlier  ^vith  those  of  common  sensation  and  the  senst^  of  taste, 

1.  Motor  fibres  are  distributed  to  the  palato-pharpigeus,  the  stylo- 
pharTDgeus,  palato-gloasus,  and  constrictors  of  the  pharynx. 

2.  Sensory  fibres  in  the  part*^  which  it  supplies,  and  a  centripetal 
nerve  through  which  impressions  are  conveyed  to  be  reflected  to  the  ad- 
jacent muscles, 

3.  Fibres  for  the  nerve  of  t!*ste  (from  its  fibres  derived  from  the 
fifth,  Gowers),  in  all  the  parts  of  the  tongue  and  palate  to  which  it  is 
distributed.  After  many  discussions,  the  question.  Which  is  the  nerve 
of  taste?— the  chorda  tympani,  the  gustatory,  or  the  glosso- pharyngeal? 
— may  be  most  probably  answered  by  stating  that  they  are  not  them- 
selves, strictly  speaking,  nerves  of  this  special  function,  but  through 
their  connection  with  the  fifth  nerve.  For  very  numerous  expcrimeubj 
and  cases  have  shown  that  when  the  trunk  of  the  fifth  nerve  is  panilyze<i 
or  divided,  the  sense  of  taste  is  completely  lost  in  the  superior  surface 
of  the  anterior  and  lateral  parts  of  the  tongue,  at  the  back  of  the  tongue, 
and  on  the  soft  palate  and  palatine  arches.  The  loss  is  instantaneous 
after  division  of  the  nerve,  and,  therefore,  cannot  be  ascribed  wholly  to 
the  defective  nutrition  of  the  part,  though  to  this,  jwrhaps,  may  \)e 
ascribed  the  more  complete  and  general  loss  of  the  sense  of  taste  when 
the  whole  of  the  fifth  nerve  biis  been  paralyzed. 


The  Xth  Nerve  {Vagtis  or  Pneumogmtric) . 

The  origin  of  the  Vagus  nerve  is,  as  we  have  just  seen,  situated  in 
the  lower  half  of  the  calamus  scriptorius  in  the  ala  cinerea  (fig,  365), 
Its  nucleus  is  said  to  represent  the  cells  of  Clarke's  (posterior  vesicular) 
coin  mil  of  the  spinal  cord.  In  origin  it  is  closely  connected  with  the 
ninth,  eleventh,  and  the  twelfth.      The  combined  glosso-pharyngeal- 
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vago-accessory  nuclei  lie  outside  of,  close  to,  and  parallel  with  the  nudeu 
of  the  twelfth. 

Distribution. — It  supplies  sensory  hranches,  which  accompany  the 
sympathetic  on  the  middle  meningeal  artery,  and  others  which  supply 
the  back  part  of  the  meatus  and  the  adjoining  part  of  the  external  etr. 
It  is  connected  with  the  petrous  ganglion  of  the  gloflw>-pharyngeal,  by 
means  of  fibres  to  its  jugular  ganglion;  with  the  spinal  accessory  which 
supplies  it  with  its  motor  fibres  for  the  larger  and  upper  portion  of  the 
oesophagus,  and  with  its  inhibitory  fibres  for  the  heart;  also  with  the 
twelfth;  with  the  superior  cervical  ganglion  of  the  qrmpathetic;  and 
with  the  cervical  plexus.  It  has,  of  all  the  nerves,  the  most  varied  dis- 
tribution and  functions,  either  through  its  own  filaments,  or  through 
those  which,  derived  from  other  nerves,  are  mingled  in  its  branchei. 
The  parts  supplied  by  the  branches  of  the  vagus  are  as  follows: — 

(1.)  By  \\&  pharyngeal  branches,  which  enter  the  pharyngeal  plexus, 
a  large  portion  of  the  mucous  membrane,  and,  probably,  all  the  muaclci 
of  the  pharynx. 

(2.)  By  the  superior  laryngeal  nerve,  the  mucous  membrane  of  the 
under  service  of  the  epiglottis,  the  glottis,  and  the  greater  part  of  the 
larynx,  and  the  crico-thyroid  muscle. 

(3.)  By  the  inferior  laryngeal  nerve^  the  mucous  membrane  and  mus- 
cular fibres  of  the  trachea,  the  lower  part  of  the  pharynx  and  laryni, 
and  all  the  muscles  of  tlie  larynx  except  the  crico-thyroid. 

(4.)  By  its  cesophageal  branches,  the  mucous  membrane  and  muscular 
coats  of  the  oesophagus. 

(5.)  Through  the  cardiac  nerves^  moreover,  the  branches  of  the  vagus 
form  a  large  portion  of  the  supply  of  nerves  to  the  heart  and  the  great 
arteries. 

(6. )  Through  the  anterior  and  the  posterior  pulmonary  plexuses  to  the 
lungs. 

(7.)  Through  its /7ff5/n*c  branches  to  the  stomach;  and  to  the  intes- 
tines, and  kidneys,  by  its  terminal  branches. 

(8.)  Tlirough  its  hepatic  and  splenic  branches,  the  liver  and  the  spleen 
are  partly  supplied  with  nerves. 

Functions. — Throughout  its  whole  course,  the  vagus  contains  both 
sensory  and  motor  fibres.  To  summarize  the  many  functions  of  this 
nerve,  which  have  been  for  the  most  part  considered  in  the  preceding 
chapters,  it  may  be  said  that  it  supplies  (1)  motor  influence  to  the 
pharynx  and  oesophagus,  stomach  and  intestines,  to  the  larynx,  trachea, 
bronchi,  and  lung;  (2)  sensory  and,  in  part,  (3)  vaso-motor  infiuence, 
to  the  same  regions;  (4)  inhibitory  infiuence  to  the  heart;  (5)  inhibi- 
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tory  afferent  impulses  to  the  vaso-motor  centre ;  (r»)  excito-secretory 

to  the  salivary  glands;  (7)  cxcito-motor  in  oaiighing,  vomiting,  etc. 
Effects  of  Section, — Division  of  both  vagi,  or  of  both  their  recurrent 


FiiF'  SMB.— View  of  the  nerves  IX^   X,  au.l 
aide.    8-4,— 1,  Ptieuruoii^awtrk^  nerve 


XT.   Ui. 


diKtriburion  and  coTiiiwtlons  on  the  lelt 
in  th**  Ti- <  »:  :  ^!  i/aiipllim  of  its  tnink ;?!,  Im  ijtiion  with  th© 
apiiui]  aooeeeory :  •§.  ttn  ijoiun  with  the  lIy^>nk:l■«^^,'^l :  0.  phaj-}'nK**al  hruncii;  H,  supi'rior  lajyo^ 
ifeai  nerre;  7,  ext*?mal  larjii^fieal :  H^  laryn^t-al  pleyiis;  %  Inferior  f»r  recurrent  IftrjiiKfal ;  10, 
superior  c»r(Uac  hrancb;  11,  iiiMdlo  canlioc;  la,  plexifonii  part  of  the  n*frve  in  the  thorax;  1S« 
poeterior  pulinoridry  pli^xua;  N,  linf^al  or  ^i«tjitorv  nerve  of  tin*  inferior  mnjtillAry:  15,  hy^jo- 


f;loauJ,  ptutKinK  \tiU*  the  muHcleK  of  ttiH  tonfoie,  fri^ini^^  0%  thy  ro- by  old  br&ndi,  and  unitinj^  with 
wlgn  or  the  lingual;  1§,  ^lo»iso-plriiiryDupei^l  nerve;  17.  gpinul  aceesaory  nerre,  iinitinpc  t»y  lis 
jnoer  branch  with  tlie  pneumo^ostric,  and  hy  it»  out^r.  ponsinK  Into  the  Rtemo-raiiiJ*t<iid  uiutRdt*; 


\%  woood  eenrlcal  nerve:  1%  thlrfl:  20,  fourth;  21,  orleinof  the  phrenic  nerve,  3S,  t£S,  fifth,  nixth, 
■evealb,  uid  eLt^bth  cervical  nerv*^,  fonninK  with  the  first  doraai  the  hra^hl&l  pleocus;  *U,  bu- 
pCdior  oerrlcal  g&n|i;'lloa  of  the  «yvnijathetlc;  35,  middle  cervical  fnuif^tton;  ifl.  Inferior  cenHcal 
nmirlloD  united  with  the  first  tiorsal  K^an^llon  ■  t>7,  28,  W*  **,  secwadt  third,  fourth,  atid  flflh 
dorsal  j^nji^^lia.     (Trom  Sappey  after  Hirschfeld  and  LereUlA.) 

branches,  is  often  very  quickly  fatal  in  yonng  animals;  but  in  old  ani- 
mals the  divitrion  of  the  recurrent  nerve  h  not  generally,  and  tlmt  of 
both  the  vagi  is  not  always,  fatal,  and,  when  it  is  so^  death  ensues  slowly. 
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This  difference  is,  that  the  yielding  of  the  cartilages  of  the  larjnx  b 
youDg  animals  permits  the  glottis  to  be  closed  by  the  atmospheric  pre*- 
sure  in  inspiration,  and  so  they  are  quickly  suffocated  unless  traebeotomT 
be  performed.  In  old  animals,  the  rigidity  and  prominence  of  the  aryt- 
enoid cartilages  prevent  the  glottis  from  being  completely  closed  by  the 
atmospheric  pressure;  even  when  all  tlie  muscles  are  paralyzed,  a  jxir- 
tion  at  its  posterior  part  remains  open,  and  through  this  the  aoimid 
continues  to  breathe. 

In  the  case  of  slower  death,  after  diTision  of  both  the  vagi,  the  lungs 
are  commonly  found  gorged  with  blood,  oeciematous,  or  nearly  solid, 
from  a  kind  of  low  pneumonia,  and  the  bronchial  tubes  full  of  frothy 
bloody  fluid  and  mucus,  to  which,  in  general,  the  death  may  be  ascribed. 
These  changes  are  due,  in  part,  to  the  passage  of  food  and  of  the  rarioui 
Becretions  of  the  mouth  and  fauces  through  the  glottis,  which,  beiij|^ 
deprived  of  its  sensibility,  is  no  longer  stimulated  or  eloaed  in  conse- 
quence  of  their  contact. 


I 


The  Xlth  Nerve  (Spinal  Accessortf), 

Griffin  and  Conmciionts, — The  ner\^e  arises  by  two  distinct  origine— 
one  from  a  centre  in  the  floor  of  the  fourth  ventricle,  partly  but  chiefly 
in  the  medulla,  and  connected  with  theglosso-pharyngeal-vagns-nucleas; 
the  other,  from  the  outer  side  of  the  anterior  cornu  of  the  spinal  cord 
as  low  down  as  the  fifth  or  sixth  cervical  nerre.  The  fibres  from  the 
two  origins  come  together  at  the  jugular  foramen,  but  separate  a^n 
into  two  branches,  the  inner  of  which,  arising  from  the  medulhi,  join* 
the  vagus,  to  which  it  supplies  its  motor  fibres^  consisting  of  small  me- 
dulhited  or  visceral  nerve-fibres,  while  the  outer  consisting  of  large 
medullated  fibres,  supplies  the  trapezius  and  sterno-mastoid  muscles. 
The  small-fibred  branch  is  said  to  arise  from  a  nucleus  corresponding  ta 
the  posterior  vesicular  column  of  Clarke, 

The  principal  branch  of  the  acoeesory  nerve,  its  external  branchy 
then  supplies  the  sterno-mastoid  and  trapezius  muscles;  and,  though 
pain  is  produced  by  irritating  it,  is  composed  almost  exclusively  of 
motor  fibres.  The  internal  branch  of  the  accessory  nerve  supplies  chiefly  ■ 
viscero-motor  filaments  to  the  vagus.  The  moscles  of  the  larvnx,  all  of 
which,  as  already  stated,  are  supplied,  apparently,  by  branches  of  the 
vagus,  are  said  to  derive  their  motor  nerves  from  the  accessory;  and 
(which  is  a  very  significant  fact)  Vrolik  states  that  in  the  chimpansee 
the  internal  branch  of  the  accessory  does  not  join  the  vagus  at  all, 
goes  direct  to  the  larynx. 

Among  the  roots  of  the  accessory  nerve,  the  lower  or  external,  arS^ 
ing  from  the  spinal  cord,  appears  to  be  composed  exclusively  of  motor 
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and  to  bo  destined  entirely  to  the  trapeziuB  and  extending  from 
the  back  of  the  fourtli  ventricle  to  the  level  of  the  olivary  bodies  close 
to  the  middle  line^  inside  the  combined  nucleus  of  the  ninth,  tenth,  and 
eleventh  nerves. 


The  Xllth  Nerve  {Hypoglossal). 


I 


Origin  and  Connertwns, — The  nerve  arises  from  a  large-celled  and 
very  long  nucleus  in  the  bnib,  extending  from  the  back  of  the  fourth 
jTentricle  to  the  level  of  the  olivary  bodies  close  to  the  middle  line,  inside 
the  combined  nucleus  of  the  ninth,  tenth,  and  eleventh  nerves.  Fibres 
from  this  nucleus  run  from  the  ventral  surface  through  the  reticular 
formation  in  a  series  of  bundles  passing  between  the  olivary  nucleus  lat- 
erally and  the  anterior  pyramid  and  acoessoiy  olive  medially,  to  gain 
the  surface.  The  nerve  emerges  from  a  groove  between  the  anterior 
pyramid  and  olivary  bfidy.  The  fibres  of  origin  are  continuous  with 
the  anterior  roots  of  the  spinal  nerves.     It  is  connected  with  the  vagus, 

»the  superior  cervical  ganglion  of  the  sympathetic  and  with  the  upper 
cervical  nerves. 
Dh'irihttiiotL — ^This  nerve  is  the  motor  nerve  to  the  muscles  con- 
nected with  the  hyoid  hone,  including  those  of  the  tongue.  It  supplies 
through  its  descending  branch  {descendem  noni)^  the  sterno-hyoid, 
sterno-thyroid,  and  omo-hyoidj  through  a  special  branch,  the  thyro- 
hyoid, and  through  its  lingual  branches,  the  gonio-hyoid,  stylo-glossus, 
hyo-glossus,  and  genio-hyo-glossus  and  linguales. 

FHfwtious. — The  function  of  the  hypoglossal  is  exclusively  motor. 
As  a  motor  nerve,  its  influence  on  all  the  muscles  enumerated  above  is 
shown  by  their  convulsions  when  it  is  irritated^  and  by  their  loss  of 
power  when  it  is  paralyzed.  The  effects  of  the  paralysis  of  one  hypo- 
glossal nerve  are,  however,  not  very  striking.  Often,  in  cases  of  hemi- 
plegia involving  the  functions  of  the  hypoglossal  nerve,  it  is  not  possible 
to  observe  any  deviation  in  the  direction  of  the  protruded  tongue;  prob- 
ably because  the  tongue  is  so  compact  and  firm  that  the  muscles  on  either 
gide,  their  insertion  being  nearly  parallel  to  the  median  line,  can  push 
it  straight  forward  or  turn  it  for  some  distance  toward  either  side. 


The  Pons  Varolii 

The  pons  Varolii  is  generally  spoken  of  as  a  great  commissnre  of 

fibres;  of  fibres  which  connect  the  two  halves  of  the  cerebellum  and  of 
fibres  which  connect  the  bulb  and  spinal  cord  with  the  upper  part  of  the 
brain.  Although  this  is  true  it  must  not  be  forgotten  that  the  pons 
contains  several  masses  of  gray  matter,  and  also  in  addition  smaller  col- 
lections of  nerve-cells.     It  is  found  that  on  section  the  following  parts 
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may  be  made  out  in  its  structure,  beginning  from  the  anterior  or  Ten* 
tral  surface. 

(a.)  Transverse  or  commissural  fibres  connecting  the  one  side  of  the 
cerebellum  with  the  other,  forming  the  middle  peduncle.  These  film 
emerge  from  the  lateral  parts  of  the  white  substance  of  the  hemispheng, 
having  come  from  the  superficial  gray  matter  of  the  whole  surface,  from 
the  median  vermis,  and  from  the  lateral  hemispheres.  Some  of  these 
fibres  are  truly  commissural  and  probably  connect  the  same  points  on 
the  surfaces  of  the  two  halves;  some  end  in  the  gray  matter  of  the  same 
side  of  the  pons  on  the  ventral  surface,  and  others  cross  to  the  opposite 
side  of  the  pons  and  then  become  longitudinal,  passing  on  to  the  teg- 
mentumy  a  system  of  fibres  and  gi'ay  matter  to  be  immediately  described. 

(b.)  Fibres  longitudinal  in  direction  which  are  arranged  in  larger  or 
smaller  bundles  separated  by  gray  matter;  some  of  these  fibres  are  what 
are  called  the  pyramidal  fibres,  which  pass  down  to  the  anterior  pyra- 
mids of  the  bulb. 

(c.)  The  dorsal  portion  of  the  pons  is  made  up  to  a  considerable  ex- 
tent of  the  reticular  formation  of  the  tegmental  region  together  with 
one  or  two  distinct  bundles  of  longitudinal  fibres:  i.,  the  chief,  situated 
toward  the  junction  of  the  ventral  two  thirds  with  the  dorsal  third,  is 
the Jillety  which  consists  of  two  portions,  outer  and  median;  and  ii.,  the 
second,  a  bundle  of  similar  fibres,  posterior  longitudinal  bundles^  is  situ- 
ated between  the  two  divisions  of  the  fillet  below  the  lateral  and  to  the 
outer  side  of  the  median. 

((L)  In  the  fore  part  of  the  pons,  a  mass  of  gray  matter  containing 
pigment,  the  locus  cceruleus,  possibly  forming  the  origin  of  the  fifth  nerve, 
and  in  the  back  part  a  second  mass  of  gray  matter,  the  superior  olive. 

The  Crura  Cerebri. 

The  crura  cerebri  (iii,  fig.  354)  diverge  from  the  anterior  edge  of 
the  pons  Varolii  and  pass  upward  on  either  side  toward  the  cerebral 
hemispheres.  At  their  anterior  termination  each  of  them  appears  to 
have  upon  its  dorsal  surface,  to  the  inner  and  outer  sides  respectively, 
two  large  masses  of  gray  matter  which  have  been  already  spoken  of,  viz., 
the  optic  thalamus  and  the  corpus  striatum.  These  bodies  are  not  only 
as  it  were  placed  upon  the  surface  of  each  crus,  but  are  also  deeply  em- 
bedded in  its  substance. 

The  crus  is  found  to  be  made  up  of  two  principal  parts: — 

(a.)  The  one,  the  tegmentum,  situated  for  the  most  part  on  the  dorsal 
aspect,  is  composed  chiefly  of  gray  matter  and  some  longitudinal  fibres. 

And  {b,)  the  other,  the  crusta^  situated  toward  the  other  surface,  is 
composed  almost  entirely  of  longitudinal  fibres.     It  is  known  also  as  the 
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Iji^,     Separating  these  two  parts,  is  a  mass  of  gray  matter  of  the  shape 
]of  a  lena,  callod  the  Iocu.<  or  mtdeus  niger  or  mibsianiia  nigra. 

The  tegmentum  situated  dorsally  ends  for  the  most  part  in  the 
neighborhood  of  the  optic  thalamus  and  the  parts  beneath.  In  c^onse- 
qnence  of  this  the  fibres  of  the  y>ee  are  allowed  to  come  dorsally  and  to 
proceed  between  the  optic  thalamus  and  the  more  posterior  part  (the 
lenticular  nucleus)  of  the  corpus  striatum,  on  their  course  to  the  cere- 
bral cortex.  When  in  this  situation  they  form  a  compact  mass  of  fibres. 
As  they  pass  more  dorsally  the  fibres  spread  out  in  the  form  of  a  fan, 
and  this  arrangement  is  called  the  corona  rudiata.     The  fibres  of  the  pes 


Fi|r.  flfiO.  ^Dlafcf i^Tn  of  the  tuotot  tract  an  ehowti  in  a  diai^n^mmatlc  horizontal  iectfon 
tbrou^h  the  eepebral  hemiapberwu.  Crura,  Pouei.  and  Medulla.  Fr. ,  Frontal  lobe;  Oc. ,  occipital 
\oY»,  AF..  as(?eiidiD|?  frontal,  AP  ,  Eu^^eniilnf?  parietal  coiwolytionsi:  PCF,,  pre-cti'iitral  flasure!. 
In  front  of  th«  oaceDdlia^  frontal  coDvolythm;  FR,,  fbciiire  of  Rolando;  IFF.,  in l4?r- parietal  S«- 
•ure,  a  section  of  cru«  \n  It-ttered  on  the  left  «ide  SN. ,  Ktjhfltautla  aifcra;  ly.,  pyrnniJdal  motor 
fibre,  which  on  the  ri^ht  is  Hhown  aa  ooatiauouH  Uixt^H  c^onveririn^  to  pasw  tlirou^h  the  pcwrtjerior 
limb  of  IC  intfraal  captiule  {the  knee  or  eltaow  of  which  is  showTi  thus*}  upward  into  the 
bemJaplierei  aod  downward  through  the  pona  to  cross  the  mtxlulla  In  the  anterior  pyraaiidit. 
(Oowers.) 


are  found  to  stretch  not  only  between  the  optic  thalamus  and  the  len- 
ticular nucleus,  but  also  more  anteriorly  between  the  former  and  the 
caudate  nucleus  of  the  corpus  striatum  which,  as  we  ha\x*  seen,  is  to  be 
seen  in  the  floor  of  the  lateral  ventricle*  The  fibreB  of  the  pes  thus 
spread  out,  have  the  form  of  a  fan  bent  upon  itself  as  they  rise  to  pass 
into  the  cerebral  hemisphere.  This  constitutes  the  internal  capsuh^  and 
that  portion  of  it  which  forms  the  angle  at  which  the  fibres  are  bent  is 
called  th^o.  genu  of  the  capsule,  that  in  front  of  it  being  the  front,  and 
that  behind,  the  hind  limb.  The  fibres  constituting  the  internal  cap- 
sule  are  distributed  to  different  districts  of  the  cerebral  cortex.  They 
are  made  up  of  fibres  not  only  constituting  the  pyramidal  system,  but 
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also  of  others  which  end  in  the  masses  of  gray  matter  in  the  pons  or  crua 
itself ;  but  the  function  of  all  of  the  fibres  is  believed  to  be  to  carry  im. 
pulses  downward  from  the  cerebrum  either  to  the  spinal  cord  and  bo  to 
the  cranial  nerves,  or  to  the  cerebellum. 

The  tegmentum  of  either  side,  on  the  other  hand,  is  supposed  to  be 
concerned,  for  the  most  part  at  any  rate,  with  afferent  impulses.  It  is 
made  up  to  a  very  considerable  extent  of  collections  of  gray  matter,  the 
most  important  of  which  are  (a)  the  locus  or  nucleus  niger,  separating 
the  pes  and  tegmentum ;  (b)  the  nucleus  ruber ^  which  is  a  rounded  mas 
situated  more  toward  the  aqueduct  of  Sylvius;  this  extends  from  the 
third  ventricle  to  the  anterior  corpus  quadrigeminum.  The  locus  niger 
extends  back  as  far  as  the  posterior  corpus  quadrigeminum.  {c)  A  third 
mass  of  gray  matter  is  situated  beneath  the  optic  thalamus,  and  is  the 
corpus  subthalamicum.  Posteriorly  the  tegmentum  is  made  up  chieflj 
of  the  reticular  material  so  oftea  spoken  of,  and  in  the  pons  consigts 
almost  entirely  of  that  kind  of  structure,  but  with  the  two  additional 
masess  of  gray  matter  already  indicated,  viz.,  the  locus  coeruleus  and 
superior  olive. 

It  will  be  as  well  here  to  indicate  briefly  the  other  collections  of  gray 
matter  in  the  neighborhood  of  the  crura,  viz.,  the  corpus  striata,  optic 
thalami,  corpora  quadrigemina,  corpora  geniculata,  and  the  corpora 
dentata  of  the  cerebellum. 

Corpora  Striata. — The  corpora  striata  are  situated  in  front  and  to 
the  outside  of  the  optic  thalami,  partly  within  and  partly  without  the 
lateral  ventricle. 

Each  corpus  striatum  consists  of  two  parts: — 

(a.)  An  intraventricular  portion  {caudate  nucleus)  which  is  conical  in 
shape,  with  the  base  of  the  cone  forward;  it  consists  of  gray  matter, 
with  white  substance  in  its  centre,  (b.)  An  extraventricular  portion 
{lenticular  nucleus),  which  is  separated  from  the  other  portion  by  a  layer 
of  white  material,  which  forms  a  portion  of  the  internal  capsule, — the 
anterior  limb.  The  lenticular  nucleus  is  seen,  on  a  horizontal  section  of 
the  hemisphere,  to  consist  of  three  parts  (the  two  internal  called  globus 
pallidus,  major  and  minor,  and  the  outer  called  the  putameji)^  separated 
from  one  another  by  white  matter,  of  which  the  smallest  of  the  three  is 
inside.  Each  part  somewhat  resembles  a  wedge  in  shape.  The  upper 
and  internal  surface  is  in  relation  with  the  caudate  nucleus,  being  sepa- 
rated from  it  by  the  anterior  limb  of  the  internal  capsule.  The  remain- 
der of  tlie  internal  surface  is  in  relation  to  the  optic  thalamus,  being 
separated  from  it  by  the  posterior  limb  of  the  internal  capsule.  The 
horizontal  section  is  wider  in  the  centre  than  at  the  ends.  On  the  out- 
side is  the  gray  lamina  (claustrum)  separated  by  a  thin  white  layer— 
external  capsule — from  the  lenticular  nucleus. 


I 
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Optic  Thalami. — The  optic  thalami  are  oval  in  shape,  aotl  rest 
upon  the  inner  and  dorsal  surfaces  of  the  crura  cerebri.  Tho  upper 
surface  of  each  thalamus  is  free,  and  of  white  substance,  it  projects  into 
the  lateral  ventricle.  The  posterior  surface  is  also  white.  The  inner 
sides  of  the  two  optic  thalami  form  the  outer  borders  of  the  third  ven- 
tricle, are  in  partial  contact,  and  are  composed  of  gray  material  uncov- 
ered by  white,  and  are,  as  a  rule,  connected  together  by  a  transverse 
portion. 

The  parts  of  which  each  optic  thalamus  is  composed  are  median ^ 
lateral^  and  (ffiierior  ftnrki  in  front,  and  the  puhnnur  behind.  The 
extreme  end  of  the  pulvinar  lies  somewliat  dorsal  to  the  corpora  geoicu- 
lata  (fig.  363). 

Corpora  Quadrigemina. — ^There  are  two  on  each  aide,  anterior 
and  posterior ;  they  form  prominences  on  the  dorsal  surface  of  the  pons 
and  crura  above  the  aqueduct  of  Sylvius.  The  anterior  corpus  qua<lri- 
geminum  is  connected  with  the  optic  thalamus  and  with  the  lateral  cor- 
pus geniculatum,  and  the  posterior  is  connected  with  the  median  corpus 
geniculatum. 

Corpora  Geniculata. — These  are  two  on  either  side,  lateral  or  outer 
and  median  or  inner;  the  former  is  developed  from  the  fore-brain,  the 
latter  from  the  mid-brain.  The  lateral  corpus  geniculatum  is  at  the 
side  of  the  crus  and  appears  to  be  a  swelling  on  the  lateral  division  of 
the  optic  tract.  Similarly  the  median  appears  to  be  the  termination  of 
the  median  division  of  the  optic  tract*  They  both  contain  gray  matter 
(fig.  363). 

Corpora  Dentata  are  plicated  areas  of  gray  matter  in  the  interior 
of  the  i?erebellum,  not  unlike  the  olivary  body  of  the  bulb.  The  fibres 
from  each  pass  chiefly  to  the  superior  peduncle  of  its  own  aide. 

The  Cerebrum, — For  convenience  of  description,  the  surface  of 
the  brain  has  been  divided  into^^^'e  lobes  (Gratiolet). 

1.  Frmital  (F.  fig.  370),  limited  Ixdiind  by  the  fissure  of  Rolando 
(central  fissure),  and  l>eneath  by  the  fissure  of  8ylvius»  Its  surface  con- 
sists of  three  main  convolutions,  wliich  are  approximately  horizontal  in 
direction,  and  are  broken  up  into  numerous  secondary  g}'n.  They  are 
termed  the  superior,  middle,  and  inferior  frontal  convolutions.  In  ad- 
dition, the  frontal  lobe  contains,  at  its  posterior  part,  a  convolution  which 
runs  upward  almost  vertically  {a^cemiimj  fronia!)^  and  is  bounded  in 
front  by  a  fissure  termed  the  prsecentral,  behind  by  that  of  Rolando. 

2.  Parietal  {F.},  Tliis  lobe  Is  bounded  in  front  by  the  fissure  of 
Rolando,  behind  by  the  external  perpendicular  lissure  (parie to-occipital), 
and  below  by  the  fissure  of  Sylvius.  Behind  the  fissure  of  Rolando  ia 
the  mrendin^  parietal  convolution,  which  swells  out  at  its  upper  end 
into  what  is  termed  the  superior  parietal  lobule.     The  superior  parietal 
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lobule  is  separated  from  the  inferior  parietal  lobule  by  the  intra-parietal 
sulouB.  The  inferior  parietal  lobule  (pli  courbe)  is  sitaated  at  tbe  pos- 
terior and  upper  end  of  the  fissure  of  Sylvius;  it  consista  of  (a)  an 
anterior  part  (supra-marginal  convolution)  which  hooks  round  the  end 
of  the  fissure  of  Sylvius,  and  joins  the  superior  temporal  convolution, 
and  a  posterior  part  (h)  (angular  gyrus)  which  hooks  round  into  tiie 
middle  temporal  convolution. 

3.   Temporal  (T. ),  contains  three  well-marked  convolutions,  paralld 


Ftff.  Sm.  —Lateral  riew  of  the  hrain  (Mmi-diaframmatic).  F.  FtvmtAl  lobe:  P,  pwielal  lobe; 
O,  occi|>itAl  K>be:  T.  hnuporml  lobe:  S.  fissure  of  £tjlrius:  S'.  horiaonua;  8'.  awrwidtng  nuns 
l^f  the  S4UIH»;  o.  sulcus  i^tMitralis  (^Assure  of  Rolando^ :  A.  ascendinir  frontal :  B.  asoexKUni:  parietal 
c%>nvolutton:  M,  sui^erii^:  F2.  middle:  Fl  inferior  frontal  cooTolvtioas:  fl.  auperior.  fSL  ta- 
feri\v  5ulcii$:  fH«  |unftM.vntral  sulcus:  n.  superior  parietal  lobale:  P2.  inferior  parietal  lobule 

,/     "   ^^ .  and  Pi*  anmilar  grrms:    ijp,  interpariecal  siilcas:GDi, 

tt^munation  i^f  i^lK^vmanrinal  fb«ur«*:  OK  finct,  O^  saecood,  OS.  third  ooapttal  coarohitioas: 


tl. 


o2.  sqIcok  oodpt talis  inferior; 
first,    a.   aecaad  tieinporml  Itan 


U 


CHMktUstini:  v>f  1^  su|¥raaiar|nnal   g^nu^ 
*      "  .     .  ^  ^^ 

'  occipital 
nrst,  TS*  siecv>oa,  xs*   inird  temp^vmi  cc 
iRoker/i 

to  oaoh  Other,  toniuHi  the  superior,  middle,  and  inferior  tempormL     The 
suj>erior  and  middle  are  separated  by  the  parallel  fi^nre. 

4,  (WipiM  {O,).  Tills  lobe  lies  behind  the  external  perpendicular 
or  }virieti^ixvipitjU  tis?ure,  and  contains  three  convolutions,  termed  the 
su[vrior,  middle,  and  inferior  ivoipital.  They  are  often  not  well  marked 
Ir.  man,  the  external  pariei^^xx^ipital  fissure  is  only  to  be  disnnguisbed 
a?  a  notch  in  the  inner  evige  of  the  hemisphere:  below  this  it  is  quite 
obMvrHteti  bv  the  four  annectant  cyri  qxis  de  pdissagel  which  ran  neartj 
borisv^nt^llT.  The  ;:pix^r  two  *^^r:^e^"t  the  parietal,  and  tlie  lavt?  two 
the  t^a;}x>ral  with  the  ocoipiiail  ior^. 
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5,   Central  lobe,  or  island  of  Reil,  which  contains  a  number  of  radiat- 
ing convolutions  (gyri  oporti). 

The  fig.  372  shows  the  following  fft/ri  and  sidci: — 

Cryrus  fornicaiuSj  a  long  curved  convolution,  parallel  to  and  curving 


371.— View  of  the  bralD  frotn  above  isemJ-iliji^rramninile).     SI,  eod  of  hoiizonta]  ramun  of 
fifwure  of  Sylvius.     The  other  lt?««r»  n?fi*r  to  thr  Hnme  ptirtR  as  in  Flic.  8T0.     (Eckerj 

:)und  the  corpus  callosum,  and  swelling  out  nt  its  hinder  and  upper  end 
linto  the  quadrate  lobule  (pra?cimeuB),  which  is  ooutinuous  with  the 
•^Buperior  parietal  lobule  ou  the  external  surface.  Mftrf/inal  ronvohttmi 
riiu.s  parallel  to  the  preceding,  and  nccupiejs  the  space  between  it  and 
the  edge  of  the  longitudiiml  fissure.  The  two  eonvolutious  are  separated 
by  the  ealloso-margiual  fii^^ure.  The  internn!  perpntdk-nhr  lissure  is  well 
marked,  and  runs  downward  to  its  junction  with  thL*  ntk-arine  fissure: 
the  wedge-shaped  ma^  intervening  between  these  two  is  termed  the 
runem.  The  calcarine  fiijsure  corresponds  to  the  projection  into  the  pos- 
terior cornu  of  the  lateral  ventrii-le,  termed  the  iiippocaiapus  minot\ 
The  fempoml  Me  on  its  internal  aspect  is  seen  to  end  in  a  hook  (unci- 
nate gyrus).  The  notch  round  which  it  curves  is  continued  up  and 
back  Its  the  dentate  or  liippocampal  sulcus:  this  fissure  underlies  the 
projection  of  the  hippocampus  major  within  the  brain.  There  are  three 
internal  temporo-occipital  convolutions,  of  which  the  superior  and  infe- 
rior ones  are  usually  well  marked,  the  middle  one  generally  less  so. 

The  collateral   fissure  (corresponding  to  the  eminentia  collateralis) 
forms  the  lower  boundary  of  the  superior  temporo-occipital  convolution, 
38 
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All  the  above  details  will  be  found  indicated  in  the  diagrams  (fip. 
371,  372). 

Structure, — The  cerebrum  is  constructed,  like  the  other  chief  diri- 
sions  of  the  cerebro-spinal  system,  of  gray  and  white  matter;  and,  as  in 
the  case  of  the  Cerebellum  (and  unlike  the  spinal  cord  and  medulla  ob- 
longata), the  gray  matter  (cartex)  is  external,  and  forms  a  capsule  « 
covering  for  the  white  substance.  For  the  evident  purpose  of  incresBng 
its  amount  without  undue  occupation  of  space,  the  gray  matter  is  vui- 
ously  infolded  so  as  to  form  the  cerebral  convolutimis. 

The  cortical  gray  matter  of  the  cerebral  cortex  has  an  aveiap 
thickness  of  about  |  inch  (3mm.),  being  thin  in  the  occipital  lobe,  ji^ 
inch  (2mm.),  and  thick  in  the  pre-central,  \  inch  (4  mm.).  Thecdb 
of  which  the  substance  is  composed  are  of  different  kinds:  (a)  The 
most  conspicuous  are  certain  large  triangular  or  pyramidal  cells,  gnuin. 
lar  or  fibrillated,  with  large  and  distinct  nuclei,  arranged  with  th^ 
apices  toward  the  surface.  All  the  angles  have  branching  processes,  bat 
the  axis-cylinder-process  is  prolonged  from  about  the  middle  of  the  btie. 
{hy  Small  pyramidal  cells  are  also  numerous,  and  irregular  or  angular 


Fig.  372.  —View  of  the  right  hemisphere  in  the  median  aspect  (semi-diagrammatic).  CC, 
Corpus  callosum  longitudinally  divided ;  Of,  gyrus  fornicatus;  H,  gyrus  hippocampi;  h,  sokos 
hippocampi;  U,  uncmate  gyrus;  cm,  calloso-marglnal  Assure;  Fl,  median  aspect  of  first  frootal 
convolution;  c.  terminal  portion  of  sulcus  centralis  (fissure  of  Rolando) ;  A,  asoending  frontal; 
B.  ascending  parietal  convolution;  Pr,  prsecimeus;  Oz,  cuneus;  po,  parieto-occipitalmsore;  a 
sulcus  occipitalis  transversus;  oc,  calcarine  fissure:  oc',  superior*  oc'«  inferior  ramus  of  tb* 
same;  D,  gyrus  descendens  gvrus;  T4,  occipito-temporal is  lateralis  (lobulus  fusif ormis) ;  TS. 
g>'rus  occipito-temporalis  medialis  (lobulus  Imgualis).     (Ecker. ) 


cells  with  nuclei,  without  distinct  axis-cylinder  processes.  Again  (f) 
tliere  are  fusiform  cells  arranged  horizontally ;  {d)  certain  granule  cells, 
very  small,  with  large  nuclei,  and  not  unlike  lymphoid  corpuscles,  and 
finally  (e)  cells,  small  and  irregular,  which  may  possibly  be  neuroglia- 
cells.     Nerve-fibres  pass  up  almost  to  the  surface  of  the  cortex — some  of 
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trhich  are  meciuUated,  The  general  arrangement  of  the  layers  in  the 
cortex  is  as  follows:— 'It  is  described  a^  consisting  of  five  layers  (Me j- 
Bert)  (fig.  373). 

1.  Superficial  layer  with  abundance  of  neuroglia  and  a  few  small 
multipolar  ganglion-cells. '  2.  A  thin  layer  of  a  large  number  of  closely 
packed  small  ganglion-cells  of  pyramidal 
fihape.  3.  The  most  important  layer,  and 
the  thickest  of  all:  it  contains  many  large 
pyramidal  ganglion  cells,  each  with  a  pro- 
cess running  off  from  the  apex  vertically 
toward  the  free  surface,  and  lateral  processes 
at  the  base  which  are  always  branched.  Also 
a  median  process  from  tixe  base  of  each  cell 
which  is  unbranched  and  becomes  continu- 
ous with  the  axis-cylinder  of  a  nerve-fibre. 
The  bundles  of  fibres  spread  out  in  this 
layer,  4.  Numerous  ganglion -cells,  some 
large  and  others  small,  forming  the  f/ranvlar 
fftrmation  of  Meynert.  5.  Spindle-shaped 
imd  branched  ganglion-cells  of  moderate  size 
arranged  chiefly  parallel  to  the  free  surface 
{vide  fig.  373).  This  layer  is  remarkable  in 
being  broken  up  by  fibres  arranged  in  groups 
passing  to  the  outer  layers. 

It  is  a  noticeable  fact  that  the  different 
layers  do  not  bear  the  same  relation  to  one 
another  in  thickness  in  different  regions* 
In  the  area  al>out  the  fissure  of  Rolando, 
which  we  shall  presc^ntly  see  is  called  the 
motor  area,  the  large  pyramidal  cells  ai'c  con- 
spicuous in  size  and  number,  and  numerous 
large  cells  are  found  in  tlie  fourth  layer. 
These  latter  attain  their  greatest  develop- 
ment in  the  pre-ceutral  and  post-central 
convohitions*  The  granular  layer  is  very 
marked  in  the  occipital  region,  forming  a 
distinct  and  broad  division  of  the  fourth 
layer,  and  being  present  elsewhere.  The  large  cells  are  scarce.  In  the 
frontal  region,  the  pyramidal  and  fourth  layers  are  w^ell  marked,  but  the 
cells  are  less  numerous;  the  nuclear  layer  is  very  distinct.  The  pyra- 
midal cells  are  those  from  which  motor  or  efferent  fibrq^  originate* 

(Iwmicn^  ('ompofdtion. — The  chemistry  of  nerves  and  nerve-cells  has 
been  chiefly  studied  in  the  brain  and  spinal  cord.     Nerve  matter  con- 


378.— Tlw»  liiyt*ni  of  the 
cortieal  mf  matter  of  the  verv- 
(Sfejnert.) 


brum. 
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tains  several  albuminous  and  fatty  bodies  (cerebrin,  lecithio,  and  um^ 
others),  also  fat  nuitter  whicli  can  b^  extracted  by  ether  (including  dxt^ 
lest^rin)  and  viirioiis  ealts,  especially  Potassium  and  Magnesium  plioi- 
phates,  which  exist  in  larger  quantity  than  those  of  Sodium  and  Calcinm. 
Arrangement  (}f  the  parts  of  the  verehrum. — The  gre^t  relatire  mi 
absolute  size  of  the  Cerebral  hemispheres  in  the  adult  man,  maakstoi 


into      nirtleciiiiLi- 


A    chit*f  pnxi™ss 
of   crlj    of    Fur- 


Ekidy  of  thp  somi' 


FIr:.  3T4. 


Fip,  375 


FCff.  374.— EHftjcraniiiuitic  horizotital  sectioti  of  a  vertclirate  brum.  The  fifrurM  MTve  boCk 
ff>r  LtuR  iLoil  thi*  next  diaffram.  Mb,  uiid-bratD:  wtuit  Lies  In  froDt  of  this  is  the  tor^-,  and  wfeat 
lies  liM*hintl,  th<*  hi  ml -brain;  Lf,  lamina  termioAU^;  (W/,  olfactory  loh«8:  Ump^  hernksphmw; 
Tfi.  E,  thalaoienceiphaloi] ;  Ptu  pineal  K^aktid:  /*y,  piUiltary  body;  F.AI^  foramen  of  Miinro:  ca, 
corftuB  etriatum;  Th,  oplic^  thAlamuH;  CC.  crura  eenebrl :  the  macs  lyinjr  ^k»v«?  the  canal  njh 
ri^mmliri  the  corjnira  quadrii^euiina;  Cb,  cfnelH^Uijm:  /—/A",  the  nine  pairs  of  craiDial  Qerres;  1. 
cilfftctorj'  ventriclPT  '2,  latt'ml  ventrtcle;  8,  third  veotricle;  4,  fourtn  veotriele;  +,  Iter  a  tcrtlo. 
ad  Quartum  ventrfculuiiL     (Huxley. )  J 

Fif?.  a7&.— Section  through  the  j^ray  tnatter  of  the  taumai]  cerebeUam,  treated  aocoirdiiur  tn 
Gold's  method  (StiJhr).  1 


great  extent  the  real  arrangement  of  the  several  parte  of  the  brain,  which 
is  illustrated  in  the  two  uecompanying  diagrams. 

From  these  it  is  apparent  that  the  parts  of  tlie  brain  are  disposed  ia 
a  linear  series,  as  follows  (from  before  backward):  olfactory  lobes,  cere-- 
bra!  hemispheres,  optic  thalanii,  and  third  ventricle,   corpora  quadriJ^ 
gemina,  or  optic  lobes,  eerebelhim  medulla  oblongata. 

This  linear  arrangement  of  parts  actually  occurs  in  the  human  foet 
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[and  it  is  permanent  in  some  of  the  lower  Vertebrata,  e.rj.y  Fishes,  in 

'  wbich  the  cerebral  hefiiispheres  are  represented  by  a  pair  of  ganglia 

intervening  between  the  olfactory  and  the  optic  lobes,  and  considerably 

smaller  than   the  hitter.     In  Ariipbibia  the  cerebral  lobes  are  further 

I -developed,  and  are  larger  than  any  of  tlie  other  ganglia. 

In  reptiles  and  birds  the  cerebral  ganglia  attain  a  still  further  devel- 
^opment,  and  in  mammalia  the  cerebral  hemispheres  exceed  in  weight 
I  all  the  rest  of  the  brain.  As  we  ascend  the  scale,  the  relative  size  of  the 
[ cerebrum  increases,  tilt  in  the  higher  apes  and  man  the  hemispheres, 
'  wbich  commenced  as  two  little  lateral  buds  from  the  anterior  cerebral 
vesicle,  have  grown  upward  aii<l  backward,  completely  covering  in  and 
hiding  from  view  all  the  rest  of  the  brain.     At  the  same  time  the  smooth 


p  a^. — Lon^rftudiDal  ami  v^ettii:^!  cllafrfftmrnfttfc  flection  of  a  v^rt^^brate  hmJn,     Lettem 
Sire.    Lamina  ttrmltuilia  is  reprtiseiittMd  b3'  the  Htronj?  hlack  lioe  joininsr  i^»   i"id  Ptf 

surface  of  the  brain,  in  many  lower  mammalia,  such  as  the  rabbit,  is 
replaced  by  the  labyrinth  of  convolutions  of  the  human  brain. 

Weight  of  the  Brain.— The  brain  of  an  adult  man  weighs  from  43  to  50  oss.— 
or  about  y  lbs.  (alwiit  15M)  grnis.).  It  exeeeds  io  absolute  weight  that  of  all  the 
lower  animals  except  the  elopliant  and  whale.  Its  weight,  relatively  to  that  of 
the  tymiii,  is  ouly  exceeded  by  that  of  a  few  Hiuall  birds,  and  some  of  the 
smaller  monkeys.     lo  the  adult  man  it  ranges  from  ^n — s^  **f  the  body  weight. 

Variatioas.  ^Ige.— Lo  a  new-born  child  the  brain  (weighing  10  to  14  oz. )  in 
j\y  of  the  iHKi}^  weight.  At  the  age  of  7  years  the  weight  of  the  brain  aireatiy 
averages  40  oz.,  and  about  14  years  the  brain  not  infrequently  reaches  the 
weight  of  48  oz.  Beyontl  the  age  of  forty  years  the  weight  slowly  but  steadily 
declines  at  the  rate  of  about  I  oz,  in  10  years. 

Se-r. — The  average  weight  of  the  female  brain  is  less  than  the  male:  and  thiw 
difference  persists  from  birth  throughout  life.  In  the  adult  it  amoimts  to 
about  ."^  oz,     Tims  the  average  weight  of  an  adult  woiuan's  brain  is  alKXJt  44  oz. 

IntcUigenee, — The  l)rains  of  idiots  are  generally  much  below  tlie  average, 
wime  weighing  less  than  Hi  oz.  Still  the  facts  at  present  collected  do  not  war 
rant  more  than  a  very  general  statement,  to  which  there  are  minterous  excep- 
tions, that  the  brain  weight  corresponds  to  some  extent  with  the  degree  of 
intelligence.  There  can  be  little  doubt  that  the  complrxitfi  and  depth  of  the 
convolutions,  which  indicate  the  area  of  the  gray  tuatter  (»f  the  cortex,  eorre* 
spend  with  the  degree  of  intelligence. 
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Weight  of  the  Spinal  Cord. —The  spinal  cortl  of  man  weigha  from  1—1 J  q^  ; 
its  weight  relEitively  to  the  brain  is  alxiut  1 :  36.  As  we  deacead  the  sc&k, 
this  ratio  constantly  increatsea  till  in  the  mou^e  it  is  1 1  4.  In  cold-bloo(i*fl 
animals  the  relation  m  reversed,  the  spinal  cord  is  the  heavier  and  the  unjrt 
important  organ.     In  i\w  newt,  2:1:    and  in  the  lamprey.  75 :  1 . 

Distinctive  Characters  of  the  Human  Brain.— The  following  characters  dii 
tin^iish  the  brain  of  trnttt  ami  ajMS  from  tho»e  of  iiU  other  animaU.  {a.)  Tht 
rudimentary  condition  of  the  olfactory  lobes,  (b.)  A  perfectly  defined  Qmart 
of  Sylvius,  (c.)  A  posterior  lobe  completely  covering  the  cerebellum,  (di 
The  presence  of  posterior  comua  in  the  lateral  ventricles. 

The  most  distivctive  jxunt.^  in  the  human  brain,  as  contrasted  with  thai  of 
apes,  are; — (1.)  Tlie  much  grater  size  and  weight  of  the  whole  brain.  Bt 
brain  of  a  full-^own  gorilla  weiglw  only  alxjut  15  ox.  (45<1  grma. ).  which  b 
less  than  5  the  weight  of  the  human  adult  male  brain,  and  barely  exceeds  that 
of  the  human  infant  at  birth.  (*2,  >  Tlie  mweh  ijjeater  complexity  of  the  con^ 
volutions,  especially  the  existence  in  the  human  brain  of  tertiary  convolutictt 


Pi^.  377.  — BralQ  of  the  Orang,  ^natuml  size,  sdiowing:  the  arrangement  of  the  conTototioA. 
Stf,  floiure  of  Kylviufi;  R,  flisure  of  Rolando;  F>P^  fxt^-mal  perj>*^ndlcuTftr  ftsfflure:  CHf.  olfactrcr 
lobe;  C&,  eeretiif^lliim;  PV,  pons  Varolii;  M  O,  meilulla  oblonKam.  Ai  contrasted  with  tti* 
hiimi3in  brain,  the  frontal  lobe  is  abort  and  smaH  r^'latively,  the  ftsRiire  of  s^ylvius  is  obUqtK- 
the  temporo-siibenoldal  lobe  very  protniitient,  and  the  external  perpendicular'  flanire  very  wti\ 
marked.     (Orattolet.  > 


in  the  sides  of  tlie  fisetures.  (3.)  The  greater  relative  size  and  complexity,  and 
the  blunted  qiiadrang:ular  contour  of  the  frontal  lobes  in  man,  which  ar? 
relatively  both  broader,  longer,  and  higher,  than  in  apes.  In  apes  the  fronta] 
lobea  pn>ject  keel-like  (rostrum)  between  the  olfactory  bulbs.  (4. )  The  much 
greater  prominence  of  the  tempioro- sphenoidal  loljes  in  apes.  <5.)  The  fissure 
of  Sylvius  is  nearly  horizontal  in  man,  v^-hile  in  ai>ei*  it  slants  considerably  i 
ward.  (6.)  Tlie  distinctness  of  the  external  perpendicular  fissure,  which 
apes  is  a  well-defined  almost  vertical  ** slash, "  while  in  man  it  is  aliaoi 
obscured  by  the  annectent  gyri. 

Most  of  the  above  points  are  shown  in  the  accompanying  figure  of  the  brail 
of  the  Orang. 
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The  Motor  areas  of  the  Cerebral  Cortex. 

The  experiments  upou  tlie  brains  of  varioos  aiurnals  by  means  of 
electrical  stimulatioo   have  demonstrated  that  there  are  definite  re- 


Fi^9.  371?  Ant!  »70.— Bmln  of  do^,  viewed  from  alwve  and  in  profile.  F.  frontal  fiswnre  some- 
timea  termed  crucial  sulcus,  eomespODdiuj^  to  th*'  flsstirp  of  Rolando  in  man.  *?»  fl»?iire  of 
SylTiuft.  around  which  tlip  four  looj^itudinal  convolutions  aie  conccntricoJly  arraniffd :  l,  flexion 
of  heftd  on  the  neck,  ia  the  metlian  litie;  2,  flexion  of  head  vtn  the  neck^  with  rejtJition  toward 
tJie  aide  of  the  stimulus;  3,  4,  flexion  and  ejct«D»ioQ  of  anti^rlor  limb;  6,  6,  tlexion  and  exttnsion 
of  posterior  limb;  7,  B,  9^  contracti<9^u  of  orbicularis  oculi.  And  the  facial  muscles  In  i^eoeral. 
Itie  mu^aded  part  is  that  exposed  by  openini;;  the  skull.     (Daltoo. ) 


gions  of  the  cerebral  cortex  the  stimulation  of  which  procUices  definite 
movements  of  co-ordinated  groups  of  muscle  of  the  opposite  side  of 
the  body.     Fritsch  and  Hitzig  were  the  first  to  show  that  the  cere- 


000  HANDBOOK   OF   PHYSIOLOGY. 

bral  cortex  responded  to  electric  irritation.  They  employed  a  weak  con- 
stant current  in  their  experiments,  applying  a  pair  of  fine  electrodes  not 
more  than  ^  in.  apart  to  different  parts  of  the  cerebral  cortex.  The 
results  thus  obtained  have  been  confirmed  and  extended  by  Ferrier  and 
many  others,  chiefly  with  induction  currents. 

The  fundamental  phenomena  observed  in  all  these  cases  may  be  thus 
epitomized : — 

(1).  Excitation  of  the  same  spot  is  always  followed  by  the  same 
movement  in  the  same  animal.  (2).  The  area  of  excitability  for  any 
given  movement  is  extremely  small,  and  admits  of  very  accurate  defini- 
tion. (3).  In  different  animals  excitations  of  anatomically  corresponding 
spots  produce  similar  or  corresponding  results. 

The  various  definite  movements  resulting  from  the  electric  stimulation 
of  circumscribed  areas  of  the  cerebral  cortex,  are  enumerated  in  the  de- 
scription of  the  accompanying  figures  of  the  dog  and  monkey's  brain. 

In  the  case  of  the  dog,  the  results  obtained  are  summed  np  as  fol- 
lows, by  Hitzig: — 

(a.)  One  portion  (anterior)  of  the  convexity  of  the  cerebnm  ■ 
motor;  another  portion  (posterior)  is  non-motor,  (b,)  Electric  stimn- 
lation  of  the  motor  portion  produces  co-ordinated  muscalar  contraction 
on  the  opposite  side  of  the  body,  (c.)  With  very  weak  currents,  the 
contractions  produced  are  distinctly  limited  to  particular  groups  of 
muscles ;  with  stronger  currents  the  stimulus  is  communicated  to  other 
muscles  of  the  same  or  neighboring  parts,  (d,)  The  portions  of  the 
brain  intervening  between  these  motor  centres  are  inexcitable  by  similar 
means. 

Motorial  aren  of  the  Monkeifs  Brain. — According  to  the  obsen'ations 
of  Ferrier,  confirmed  and  extended  by  later  experimenters,  stimulation 
of  various  parts  of  the  monkey's  brain,  as  indicated  by  the  numbers  iu 
tigs.  380,  381,  produces  movements  of  definite  muscles,  thus: — 

Stimulation  of  the  district  marked  1,  causes  movement  of  himl 
foot:  of  2,  chiefly  adduction  of  the  foot;  of  3,  movements  of  hind  foot 
and  tail ;  of  4,  of  latissimus  dorsi ;  of  5,  extension  forward  of  arm ;  a, 
by  c,  (I,  movements  of  liand  and  wrist;  of  G,  supination  and  flexion  of 
forearm;  of  7,  elevation  of  the  upper  lip;  of  8,  conjoint  action  of  eleva- 
tion of  upper  lip  and  depression  of  lower;  of  9,  opening  of  mouth  and 
])rotrusion  of  tongue;  of  10,  retraction  of  tongue;  of  11,  action  of 
l)hitysma;  of  1*2,  elevation  of  eyebrows  and  eyelids,  dilatation  of  pupils, 
and  turning  head  to  opposite  side;  of  13,  eyes  directed  to  opposite  side 
and  upward,  with  usually  contraction  of  the  pupils;  of  13',  similar 
action,  but  eyes  usually  directed  do\vnward;  of  14,  retraction  of  oppo- 
site ear,  head  turns  to  the  opposite  side,  the  eyes  widely  opened,  and 
pupils  dilated;  of  15,  stimulation  of  this  region,  which  corresponds  to 
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1©  tip  of  tbe  uncinate  convolution,  causes  torsion  of  the  lip  and  nostril 
of  tht"  same  side- 
It  is  thus  seen  that  the  motor  areas  chiefly  correspond  with  the 
I  ascending  frontal  and  ascending  parietal  coovolutions,  and  that  tbe 
]  movements  of  the  leg  are  represented  at  the  upjier  jnirt  of  these  con- 
I'ToIutions,  then  follow  from  above  dowTiward  tbe  centres  for  the  arms, 
I  the  face,  the  lips,  and  tbe  tongue. 

According  to  the  further  reseaicbesof  Schaferand  Horsley,  electrical 
I  stimulation  of  the  marginal  convolution  internally  at  tlie  parts  corre- 
sponding with  the  ascending  frontal  and  parietal  ron volutions^  from 


FifT.  mi.  Fip.  381 

.  Flf^.  9SQ  vid  an.— Dlai^ramit  of  inotike}''^  hmja  to  show  the  effectn  of  electric  sttmulat  ion  of  cer- 
tain sp43ts.     t  Act'onlinjr  in  Ftfrrfer. ) 

before  backward,  produces  ninvements  of  the  arm,  of  the  trunk,  mid 
I  of  tbe  leg, 

A  good  deal  of  donbt  was  thrown  upon  tbe  experiments  of  Ferrier 
by  Goltz  and  other  observers,  from  tbe  results  of  excising  the  so-called 
motor  areas  of  tbe  dog's  brain.  It  was  found  that  the  part  might  be 
sliced  away  or  washed  away  with  a  stream  of  water,  but  that  no  perma- 
nent paralysis  ensued. 

More  extensive  observations  however,  have  confirmed  Ferrier's  original 
statement,  at  any  rate  with  regard  to  the  monkey's  brain.  Destruction 
of  the  motor  areas  for  the  arm  produces  at  any  rate  some  permanent 
paralysis  of  the  arm  of  the  opposite  side,  and  similarly  of  that  for  the 
leg,  paralysis  of  the  opposite  leg.  If  both  areas  are  destroyed  permanent 
hemii^legia  ensnes.     Paralysis  of  so  extensive  and  permanent  character 


■   nemii^jegi 
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does  not,  however,  appear  the  rule  when  the  brain  of  a  dog  is  need 
instead  of  that  of  the  monkey.  It  is  suggested  that  in  the  animal  bver 
in  the  scale,  the  functions  which  in  the  monkey  are  discharged  by  tbe 
cortical  centres  may  be  subserved  by  the  basal  ganglia. 

Notorial  Areas  of  the  Human  Brain. — It  is  naturally  of  great  impor- 
tance to  discover  how  far  the  result  of  experiments  upon  the  dog  and 
monkey  hold  good  with  regard  to  the  human  brain.  Evidence  fumiilKd 
by  diseased  conditions  is  not  wanting  to  support  the  general  idea  of  the 
existence  of  cortical  motorial  centres  in  the  human  brain  (fig.  382). 

Parietal  lobe  (line  indicates 
flBsure  of  Rolando). 


Frontal . 
lobe. 


Fissure  of  Sylvius.        Temporal  lobe. 

Fij?.  882.  — Diaj?ram  to  indicate  position  of  centres  on  the  external  surface  of  the   brain.    Tbe 
exact  position  of  the  centres  may  be  seen  on  comi)arison  with  flijr.  870. 

So  far,  however,  it  has  been  possible  to  localize  motor  functions  in 
the  frontal  and  ascending  parietal  convolutions  only,  to  the  convolutions 
which  bound  the  fissure  of  Rolando,  and  to  those  on  the  inner  side  of 
the  hemispheres  which  correspond  thereto,  and  possibly  to  the  frontal 
lobe  in  front  of  the  ascending  convolution. 

The  position  of  the  centres  is  probably  much  the  same  as  in  the  mon- 
key's brain — those  for  the  leg  above,  those  for  the  arm,  face,  lips,  and 
tongue  from  above  downward.  Destruction  of  these  parts  causes  pa- 
ralysis, corresponding  to  the  district  affected,  and  irritation  causes  con- 
vulsions of  the  muscles  of  the  same  part.  Again,  a  number  of  cases 
are  on  record  in  which  aphania^  or  the  loss  of  power  of  expressing  ideas 
in  words,  has  been  associated  with  disease  of  the  posterior  part  of  the 
lower  or  third  frontal  convolution  on  the  left  side.  This  condition  is 
usually  associated  with  paralysis  of  the  right  side  (right  hemiplegia). 

This  district  of  the  brain  is  now  generally  known  as  the  motor  area; 
and  there  seems  no  doubt  whatever  that  from  this  area  pass  the  nene- 
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fibres  which  proceed  to  the  Bpinal  cord,  and  are  there  represented  us 
the  pyramidal  tracts. 

This  is  the  reaaoo,  no  dotibt,  thiit  uiovemeuts  are  produced  on  stimu- 
lation of  the  white  matter  after  the  superficial  gray  matter  of  tlie 
animal's  brain  has  been  sliced  off. 

Motor  fracts  in  the  brain, — These  motor  fibres  are  connected  with  the 
pyramidal  cells  of  the  cortex,  and  are  indeed  their  continuations. 

It  will  bo  necessary,  therefore,  to  trace  them  from  the  cortex  down- 
ward.    From  the  motor  area  of  the  cortex  they  converge  to  the  mtfr- 


F{^.  383.— Dioi^m  to  show  the  ocmnectinji;  of  the  Frontal  OceEplCal  Lobes  with  the  Ore^ 

r  beUum,  etc.     The  clotted  lines  passing  in  tht»  cnista  (.toc),  outside  tne  motor  fibres,  indicate  the 

Iccmoecliiaii  betwi*en  the  tjeDiTJoro-occipitAl  IoJm^  and  the  cerehellum.     f.c.  ,  the  fronto-tvretK^llnir 

FflbrMf  whJeh  pass   internally  to  the  oiotiir  tract,  in  the  cniata;  i.r. ,  tUirt^  frmu  the  ciiudtiu< 

'  nucleus  to  the  pons,     ra.,  frontal  lobe;  <i>c.,  ooclpltaL  lobe;  ajt.,  jiiM?eiidiii^  frontal;  ap.,  aj&eend* 

lug:  parietal  ronvolutionft ;  pctt.,  preeentrali  flarare  In  trcmt  of  the  aacending^  frontal  conToiutic»it; 

»«.*  flMTure  of  Rolando;  ipr. ,  interparietal  flMure^  ft  sectton  of  cnifl  is  letter*^  on  the  left  ^ide. 

8X«^  stibstAOtta  ni^im;    m„  pyramidal  motor  flbre^  which  on  the  ri^ht  jn  shown  oh  continn<ius 

lines  conTeriring^  to  pass  throii|?h  the  poHterior  iiriib  of  ic,  internal  cariftule  tthe  knee  or  elbow 

of  which  is  lUiowD  thua  *)  upward  intc^  the  hentir^phere  and  downward  tnroujifh  tht;<  pons  to  cru«i« 

at  the  medulla  in  the  anterior  pyrmnidB.     ^GowerB,) 

naJ  €ap$nk^%  and  pass  dowu  to  the  crusta  of  the  crus  in  the  way  already 
indicated. 

In  the  internal  capsule  the  fibres  which  pass  onward  and  downward 
to  the  pyramidal  tracts  of  tlie  spinal  cord  do  not  occupy  more  than  a 
small  section,  namely »  that  part  known  as  the  knee,  and  the  anterior 
two-thirde  of  the  posterior  segment  {^g,  384),  In  this  district  the 
fibres  for  the  face,  arm,  and  leg,  are  in  this  relation:  those  for  the  face 
and  tongue  are  just  at  the  knee,  and  below  or  behuid  them  come  first 
the  fibres  for  the  arm  and  then  those  for  the  leg. 

The  more  accurate  arrangement  of  these  fibres  in  the  monkey's  brain 
from  above  down  are  those  for  the  eye,  head,  tongue,  month,  shoulilcr. 
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elbow,  digits,  abdomen,  lip,  knee,  digits.  These  fibres  come  for  the 
most  part  from  the  part  of  the  cortex  on  either  side  of  the  fisBore  of 
Rolando,  hence  called  the  Bolandir  area  on  either  side.     But  the  areiB 


Fie.  884.— Diagram  to  show  the  relative  positions  of  the  several  motor  tracts  in  their  oobk 
from  ue  cortex  to  the  cms.  The  section  through  the  convolution  is  vertical ;  that  through  tbe 
internal  capsule,  I,  C,  horizontal ;  that  throuich  the  cms  a^n  vertical.  C,  N.  caudate  nubleai; 
O,  TH,  optic  thalamus;  la  and  L3,  middle  and  outer  part  of  lenticular  nucleus;  /•  a,  I.  faee, 
ami,  and  leg  fibres.    The  words  in  italic  indicate  corresponding  cortical  centres,     (uowers.) 

for  the  head  and  eyes  lie  more  anterior  in  the  frontal  lobe,  to  the  front 
of  the  precentral  sulcus,  that  for  the  head  above  that  for  the  eyes,  and 
an  area  for  the  trunk  (not  indicated  in  the  fig.  383),  is  situated  more 
toward  the  middle  line  of  the  hemisphere,  internal  to  that  for  the  leg. 

But  there  are  other  fibres  which  are  arranged  in  fi'ont  of  the 
pyramidal  fibres  in  the  front  limb  of  the  capsule,  as  well  as  others  behind 
them  in  the  hind  limb  of  the  capsule.  Those  in  front  are  from  the 
anterior  part  of  the  frontal  lobe,  and  these  in  passing  into  the  cms  are 
found  on  the  median  side  of  the  pyramidal  fibres  (fig.  383).  Tbev 
appear  to  end  in  the  gray  matter  of  the  pons,  and  there  to  be  connected 
with  fibres  from  the  middle  peduncle  of  the  opposite  side  of  the  cere- 
bellum. Those  behind  the  pyramidal  fibres  in  the  hind  limb  of  the  cap- 
sule are  from  the  tenqjoral-oreipital  lobe.  These  fibres  pass  into  the  eras 
to  the  outer  side  of  the  pyramidal  fibres  (fig.  383),  they  probably  ak- 
end  in  the  gray  matter  in  the  same  way.  There  are  other  fibres  from  the 
corpus  striatum,  from  both  nuclei,  but  particularly  from  the  caudate 
nucleus,  which  pass  to  the  crus,  and  are  situated  between  the  pyramidal 
tract  and  the  locus  nigor  (fig.  383),  some  of  which  terminate  in  that 
nucleus,  while  others  terminate  in  the  pons.  Besides  the  above  fibres, 
all  of  which  are  believed  to  be  efferent  fibres,  and  are  at  any  rate  fibrejj 
of  descending  degeneration,  there  are  fibres  which  pass  from  the  cortex 
to  the  optic  thulamus  and  tegmentum,  fibres  of  ascending  degeneration 
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found  in  the  internal  capsule,  vis;,,  tliose  from  tht*  frontal  lobes  are 
situated  at  the  extreme  tip  of  the  front  limb,  in  front  of  the  motor  tibres 
from  the  same  district,  nnd  others  from  the  temponil-oecipital  district 
converge  to  the  posterior  part  of  the  hind  limb.  Those  pti^iug  between 
the  occipital  lobe  and  the  optic  thalamus  are  believett  to  be  concerned 
[with  vision,  and  are  called  tibres  of  the  oplk  radialion. 

It  may  hQ  as  well  to  mention  here  that  some  uther  fibres  from  the 
temporo-occipital  lobe  pass  iuto  the  optic  thalaums,  withont  forming  a 
part  of  the  internal  e^ipsule. 

The  optic  thalamus  then  receives  fibres  from  nearly  all  parts  of  the 
Eoerebral  cortex,  some  of  which  are  not  found  in  the  internal  capsule. 
I  The  tegmentum,  the  afferent  or  sensory  tract  of  the  crns  to  a  great  ex- 
tent ends  in  the  optic  thalamus,  and  is,  therefore,  connected  througii  it 
with  nearly  all  parts  of  the  cortex,  indirectly.     It  is  also  more  directly 
[connected  with  cortex  {a)  by  fibres  of  the  optic  radiation  which  do  not 
[go  to  the  optic   thalamus,  {h)  by  fibres  from  the  frorita!  and  parietal 
globes,  which  pass  through  t\w  lenticular  nuclens,  and  (r)  by  fibres  from 
both  the  lenticular  and  caudate  nuclei  of  the  corpus  striatum. 

In  tlie  tegmentum  the  longitudinal  fibres  maybe  thus  enumerated  : — 
{a,)  The  Jiiltl,  which  consists  of  fibres  from  the  sensory  deeussiition  of 


Fi|f.  38B,— Vertical  section  throuf^h  the  cerebrum  luid  biwic  gangUa  to  show  ai*»  relalioiui  of 
thff  latter,  co,  cei^bral  ronvQluUotis;  c,r,  corpus  call osiim;  r.  J.,  luterul  ve utricle :/,  fornix; 
t'///.»  third  ventricle;  n.c  caudaUi  nucleus;  ^A,  optic  thalomuii;  nJ.,  lenticular  nucleus;  cJ., 
internal  capmile;  c. T,  clauatmm;  ce,,  external  capnilc^;  m,  corpuH  manimiUarn';  to,,  optic 
tract;  ».tJ-^  strfa  termitLalis;  n.a.,  DucleiiftamygilauB;  cm,  soft  Cfiitimis.<ijre.     ^t^chwalb«.> 

the  bulb,  which  becomes  longitudinal  in  the  inter-olivary  region^  and  in 
its  course  upward,  from  masses  of  gray  matter,  such  as  the  superior 
olive;  it  divides  into  two  bundles,  (i.)  Laferal,  ends  in  gray  matter 
of  posterior  corpus  quadrigeminum  and  in  white  matter  beneath  the 
anterior,  and  (ii.)  fmdian^  ends  in  anterior  corpus  quadrigeminum  and 
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in  the  corpus  subthalamicam,  thence  to  the  optic  thalamuB  and  the  wtt- 
bral  cortex. 

(b.)  Posterior  longitudinal  bundles. — A  bundle  of  fibres  which  appear 
to  begin  the  bulb  as  certain  fibres  of  the  anterior  column  of  the  eoid, 
which  are  the  short  longitudinal  commissures  between  segments  of  iht 
cord.  It  is  traceable  upward  as  far  as  the  nucleus  of  the  third  nene. 
It  is  supposed  to  connect  the  nuclei  of  the  fourth  and  sixth  nerres  with 
the  third,  and  with  the  anterior  corpus  quadrigeminum. 

(c.)  Superior  jjedumh  of  tJie  cerebellum.  This  arises  on  either  Bide 
from  the  superficial  gray  matter,  but  chiefly  from  the  corpus  dentatnin, 
and  passes  forward  outward  beneath  the  posterior  corpus  quadrigeminum, 
and  beneath  it  and  the  anterior  corpus  quadrigeminum  decussates  wift 
its  fellow ;  the  fibres  then  pass  forward  in  the  anterior  district  of  the 
tegmentum  and  end  in  the  red  nucleus. 

(d.)  Fibres  frwn  the  corpora  quadrigemina.  From  each  corpus  quad- 
rigeminum passes  forward  and  downward  a  tract  called  the  brachiam. 
The  anterior  brachium  goes  to  the  lateral  corpus  geniculatum,  and  then 
to  the  optic  tract,  other  fibres  pass  into  the  tegmentum,  and  thence 
directly  to  the  occipital  cortex.  The  posterior  brachium  goes  to  the 
median  corpus  geniculatum,  thence  to  the  tegmentum,  and  through  it 
possibly  to  the  temporal  region  of  the  cerebral  cortex. 

Commissural  fibres. — In  addition  to  the  fibres  of  the  corpus  callosum, 
which  connect  all  parts  of  the  hemispheres,  and  fornix,  there  are  three 
other  commissures,  the  anterior  white  commissure,  and  the  posterior 
white  commissure  in  the  third  ventricle  connect  by  white  fibres  the  two 
sides  of  the  brain.  The  fibres  in  the  anterior  come  from  the  temporo- 
sphenoidal  convolution  chiefly,  but  a  few  are  part  of  the  olfactory  tract. 
The  posterior  connects  the  optic  thalami  and  tegmenta.  The  middle 
is  chiefly  composed  of  gray  matter,  but  also  contains  some  transverse 
fibres. 

Functions  of  the  Cerebrum. 

Speaking  in  the  most  general  way,  and  for  the  present  omitting 
the  accumulating  evidence  in  favor  of  the  direct  representation  of  the 
various  co-ordinated  movements  of  the  muscles  of  the  body  in  ganglia 
situated  in  dilTerent  parts  of  the  cerebral  cortex,  it  may  be  said  that:— 
(1.)  The  cerebral  hemispheres  are  the  organs  by  which  are  perceived 
tliose  clear  and  more  impressive  sensations  which  can  be  retained,  and 
regarding  which  we  can  judge.  (2.)  The  cerebrum  is  the  organ  of  the 
will,  in  so  far  at  least  as  each  act  of  the  will  requires  a  deliberate,  how- 
ever quick  determination.  (3.)  It  is  the  means  of  retaining  impressions 
of  sensible  things,  and  reproducing  them  in  subjective  sensations  and 
ideas.     (4. )  It  is  the  medium  of  all  the  higlier  emotions  and  feelings,  and 


of  the  faculties  of  jiicljprnietat,  tmderstanding,  memory,  reflection,  induc- 
tion, imagination  and  the  like. 

Evidence  regarding  the  phyaiologj'  of  the  cerebral  hemispheres,  hits 
been  obtained »  m  in  tlie  case  of  other  parts  of  the  nervous  system,  from 
the  study  of  Comparative  Anatomy,  from  Pathology,  and  from  Expert- 
mentB  on  the  lower  animals.  The  chief  evidences  regarding  the  func- 
tions of  the  cerebral  hemispheres  derived  from  these  varions  sources,  are 
briefly  these: — L  Any  severe  injury  of  them,  such  jis  a  general  concus- 
sion, or  sudden  pressure  by  apoplexy,  may  instantly  deprive  a  man  of  all 
power  of  manifesting  externally  any  mental  faculty.  t3.  In  the  same, 
general  proportion  iis  the  higher  mental  faculties  are  developed  in  the 
Vertebrate  animals,  and  in  man  at  different  ages  and  in  different  indi* 
viduals,  the  more  is  the  size  of  the  rerehral  hemispheres  developed  in 
comparison  with  the  rest  of  the  cerebro-spinal  system,  3.  No  other  part 
of  the  nervous  system  bears  a  corresponding  proportion  to  the  develop- 
ment of  the  mental  faculties,  4.  Congenital  and  other  morbid  defects 
of  the  cerebral  hemisphere  are,  in  general,  accompanied  by  correspond* 
ing  deficiency  in  the  range  or  power  of  the  intellectual  faculties  and  the 
higher  instincts,  5.  Removal  of  the  cerebral  hemispheres  in  one  of  the 
lower  animals  produces  effects  corresponding  with  what  might  be  antici- 
pated from  the  foregoing  facts, 

Efeiiit  of  the  Remort^}  of  tin'  fprebrHm,  — The  removal  of  the  cere- 
brum in  the  lower  animals  appears  to  reduce  them  to  the  condition  of  a 
mechanism  without  spontaneity. 

In  the  case  of  the  /Vo//*  when  tht*  cerebral  lobes  have  Iwen  renjoved, 
the  animal  appears  similarly  deprived  of  all  power  of  spontaneous  move- 
ment. But  it  sits  up  in  a  natural  attitude^  breathing  quietly;  when 
pricked  it  jumps  away;  wlien  thrown  into  the  water  it  swims;  when 
placed  upon  the  palm  of  the  hand  it  remains  motionless,  although,  if 
the  hand  be  gradually  tilted  over  till  the  frog  is  on  the  point  of  losing 
lufi  balance,  he  will  crawl  up  till  he  regains  his  ecjuilibrium,  and  comes 
to  be  perched  quite  ou  the  edge  of  the  hand.  This  condition  contrasts 
with  that  resulting  from  the  removal  of  the  entire  brain,  leaving  only 
the  spinal  cord;  in  this  Ciise  only  the  simpler  reflex  actions  can  take 
place.  The  frog  docs  not  breathe,  he  lies  flat  on  the  table  instead  of 
sitting  up ;  when  thrown  into  a  vessel  of  water  he  sinks  to  the  bottom ; 
when  his  legs  are  pinched  he  kicks  out,  but  does  not  leap  away, 

A  pigeon  from  which  the  cerebrum  has  been  removed  will  remain 
motionless  and  apparently  unconscious  unless  disturbed.  When  dis- 
turbed in  any  way  it  soon  recovers  its  former  position;  when  thrown 
into  the  air  it  flies. 

In  mammals  it  is  difficult  to  remove  the  cerebral  hemispheres,  but  in 
those  animals  in  which  the  operation  has  been  carried  ot*t,  as  for  example 
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in  the  rabbit  and  rat,  a  result  very  similar  to  those  observed  inthecaaeof 
the  frog  and  pigeon  has  been  obtained.  The  animal  is  able  to  maintain  iu 
equilibrium,  to  run  or  jump,  and  in  fact  carry  out  all  the  most  compli- 
cated co-ordinated  movements,  but  it  is  unable  to  originate  them  without 
stimulation.  In  the  case  of  the  dog,  however,  it  has  been  found  impos- 
sible to  remove  the  whole  brain,  but  when  it  has  been  removed  piece- 
meal the  animal  may  be  kept  alive  for  some  time,  and  can  carry  out  co- 
ordinated  movements  well,  and  even  manifest  intelligence. 

It  is  quite  evident,  therefore,  that  the  apparatus  for  carrying  out  co- 
ordinated movements  is  in  those  animals  not  localized  either  in  the  cere- 
brum or  in  the  spinal  cord,  and  must  therefore  be  connected  in  some 
way  with  the  parts  of  the  brain  below  the  cerebrum  and  above  the 
cord.  There  is  no  reason  why  such  an  arrangement  may  not  be  supposed 
to  exist  in  the  human  brain. 

We  must  look  upon  the  cerebrum,  however,  for  the  originator  of  vol- 
untary movements. 

As  regards  the  theory,  of  the  localization  of  different  movementB  in 
different  parts  of  the  cerebral  cortex  which  as  we  have  seen  has  received 
so  much  support  from  observation  on  animals  such  as  the  dog  and  the 
monkey,  at  any  rate,  we  may  say  that  certain  parts  of  the  cerebral  cortex 
appear  to  be    highly   sensitive  to  electrical   stimuli,    particularly  the 
Rolandic  area  and  the  frontal  lobe  in  front  of  it.     Stimulation  of  cer- 
tain other  regions,  viz. ,  of  the  occipital  region,  of  the  parietal  and  tem- 
poral region,  and  of  the  gyrus  fornicatus  and  the  frontal  region  in  front 
of  the  motor  area,  does  not  give  rise  to  sucli  movements.      Such  obserra- 
tions  as  it  has  been  possible  to  make  on  man  show  that  the  localization 
of  movement  on  the  human  cerebral  cortex  is,  if  anything,  superior 
to  that  observed  in  monkeys.     We  have,  of  course,  but  few  data  upon 
which  to  base  our  conclusion,  except  such  as  have  been  obtained  from 
the  observation  of  tlie  symptoms  of  disease,  but  with  the  help  of  thea^ 
we  may  assume  that  in  the  cerebral  cortex  the  co-ordinated   movements 
of  the  body  in  some  way  are  represented.     The  cases  which  have  given 
us  most  of  our  knowledge  upon  the  subject  are  tliose  in  which  haemorrhages 
have  occurred  in  different  parts  of  the  brain,   followed   by  paralysis  of 
the  opposite  side  of  tlie  body.     These   haemorrhages   chiefly  occur  in 
the  neighborhood  of  the  corpus  striatum.     The  paralysis  of  the  extremiti^ 
is  practically  permanent,  although,  as  a  rule,  the  muscles  connected  with 
tlie  trunk  are  not  paralyzed.     This  means  that  some  interruption  has 
taken  place  between  the  cerebral  cortex  and  the  paralyzed  muscles,  and  if 
the  lesion  is  a  destroying  one,  the  connection  is  never  re-established.   In  the 
case  of  the  animals,  such  as  the  dog,  this  is  not  the  case,  as  the  paralysis 
is  temporary.     It  is  supposed   that  in  man  not  only  the  more  highly 
skilled  movements  but  all    voluntary  movements  of    the   muscles  are 
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actually  represented  in  the  cortical  nrens,  and  tbat  the  pyramidul  tracts 
are  actually  essential  for  voluntary  oiovemeotd.  If  the  pyramidal 
tracts  be  partially  or  wholly  destroyed,  anywhere  in  their  course,  a 
paralyBia  corresponding  with  the  amount  destroyed  invariably  follows. 
In  the  dog  experiments  luivc  shown  that  this  h  not  the  ease,  and  the 
conduction  of  voluntary  impulse  to  muscles  may  ttike  place,  for  example, 
in  other  parts  of  the  cord  besides  the  pyramidal  tract,  af t^r  hcmisection. 
The  pyramidal  tracts  in  man,  however,  most  be  considered  also  aa 
the  only  path  connecting  the  cortical  centres  with  the  co-ordinated 
centres  lower  down  in  the  brain,  as,  for  example,  in  the  bulb.  The 
impulses  which  pass  down  from  the  cortex,  whatever  they  may  be,  are 
not  however  of  necessity  connected  with  consciousness,  and  many  volun- 
tary movements  of  a  complicated  nature  may  take  place  really  better  with- 
out consciousness  than  with  it.  This  is  shown  in  such  co-ordinated 
moTementfl  as  writing,  walking,  marching,  and  the  like,  all  of  which  are 
acfinired  with  time  and  much  labor,  but  when  once  perfect  in  the 
individual,  can  best  be  performed  without  voluntary  eifort.  Such  move- 
ments must  be  represented  by  impulses  passing  in  the  pyramidal  tracts, 
for  if  they  are  interrupted,  the  movements  are  no  longer  performed. 
What  is  the  actual  meaning  of  the  origination  of  a  voluntary  action 
performed  by  what  is  actually  an  etfort  of  the  will,  we  are  unable  to  say. 
No  doubt  impulses  from  the  periphery  conducted  to  the  cerebral  cortex 
along  all  kinds  of  afferent  channels  must  have  something  to  do  with  it; 
directly  or  indirectly,  sooner  or  later.  In  the  human  cortex  it  would 
seem  that  the  apparatus  for  performing  a!l  manner  of  possible  co-ordi- 
nated movements  which  may  result  in  speech  or  action,  are  stored.  This 
apparatus  ia  capable  of  being  set  in  action  either  in  the  absence  of  con- 
sciousness by  afferent  stimuli  of  some  kind  directly,  or  by  what  may  be, 
indirectly  or  remotely,  in  some  way  the  result  of  afferent  stimuli,  viz., 
tlie  will.  It  i3  also  probable  that  the  will  of  another  may  take  the  place 
of  the  nian^s  own  will,  and  may  call  forth  movements,  actions,  and 
speech,  all  of  which  are,  as  it  were,  ready  to  be  called  forth  by  a  stimu- 
lus of  some  kind.  It  may  be  supposed  that  the  condition  of  develop- 
ment of  the  brain  inherited  by  the  individual  has  something  to  do  both 
with  the  potentialities  of  the  apparatus  for  co-ordinated  acts,  which  he 
receives  at  birth,  and  with  the  way  in  which  the  apparatus  is  set  in 
motion. 

rnihiteral  J c/iojj.— Respecting  the  mode  in  which  the  brain  dis- 
charges its  functions,  there  is  no  evidence  whatever.  But  it  appears 
that,  for  all  but  its  highest  intellectual  acts,  one  of  the  cerebral  hemi- 
spheres is  sufficient.  For  numerous  cases  are  recorded  in  which  no 
mental  defect  wa«  observed,  although  one  cerebral  liemisphere  was  so 
I    disorganized  or  atrophied  that  it  could  not  be  supposed  capable  of  dis- 
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chnrging  its  functioDa.     The  remaining  hemisphere  was,  in  these  case&, 
adciquAto  to  the  functions  generiilly  ili^charged  by  both;  but  tht*  miii4 
does  not  seem  in  any  of  these  cases  to  have  been    tested  in  very  higt 
intellectual  exercises;  so  that  it  is  not  certain  that  one  hemisphere 
sufliee  for  these.     In  general,  the  brain  combines,  as  one  sc^iisation 
impressions  which  it  derives  from  one  object  through  bath  hemisphert-s. 
and  the  ideas  to  which  tlic  two  such  impressions  give  rise  are  single,     h 
relation  to  common  sensation  and  the  eJTorts  of  the  will,  it  must  alwaja 
be  remembered  tliat  the  impressions  to  and  from  the  hemispheres  of  t' 
brain  are  carried  across  the  middle  line;  so  that  in  destruction  or  com- 
pression of  cither  hemisphere,  whatever  effects  are  produced   in  loss 
sensation  or  voluntary  motion,  are  observed  on  the  side  of    the 
opposite  to  that  on  which  tlie  brain  is  injured. 


"J 

ituifl 


Steep.— AH  i>art8  uf  the  bocly  which  are  the  seat  of  activ^e  change 
|)eri(Kls  of   regt.     Tlvt^  iilteroiitioii  of   work  and  rest    is  a  nec**ssary  coDditiom 
tlieir  ma  in  ten  once,  and  of  i\w  healthy  i>erformance  of    their  functions.,     Hiei^ 
a  1  teraat i ug   per i oiU.  h^i w  e v e r ,  d  i  ITe r  i n uc; J i  i u  d n ra t i on  in  d  i ff eren t  cases ;  bo 
for  any  individual  instanee,  they  prenervt*  agenenil  ontl  rather  close  uniformity 
Tliua,  as  before  mentioned,  the    ijeritxls  of    rest  and  work,    in    the    case  of 
heart,  oc^cupy,  each   of   them.  alx)ut  half  a  second  ;  in  the  case  of  the  ordinsrr 
res|3irat4>ry  niusties  the  periotis  are  ahout  four  or  five  times  as  long.     In  ma 
eases,  again    (as  of   the  vohmt^ry  nuiBclea  dnring  violent  exercise),  while 
periods  durinj^  ac*tive  exertion   alternate  very  frequently,  yet  the  exjiendit 
goes  far  ahead  of  the  repair^    and,    to  compensate  for  this,   an  after  repose  < 
some  hours  becomes  net^essarj- ;  the  rhythm  l>*>ing   lest*  perfect  as  to   tiine,  thAH 
in  the  case  of  the  muscles  coneertied  in  circulation  and  respiration. 

Obviously,  it  would  be  imiMHisible  that,  in  the  case  of  the  brain,  there 
should  be  short  periods  of  activity  and  reiKJse,  or  in  other  w^ords,  of  coDsclouh 
oess  and  unconsciousness.  Tlie  repoise  must  occur  at  long  intervals  :  and  rt 
must  therefore  be  proj>ort.ionately  lung.  Hence  the  necessity  for  that  conditin!i 
which  we  call  Sleep:  a  condition  which  seeming  at  first  sight  exceptional  is 
only  an  unusually  perfect  exam[»le  of  wliat  occurs,  at  varying  intervals^  in 
every  aetively  w*jrking  |)ortif>n  of  our  Ixxiies. 

A  temporary  aiirogatioii  of  the  functions  of  the  cerebrum    imitating  sleeps  i 
may  occur,  in  the  ca.se  of  injury  or  disease,  as  the  eom*enuence  of   frwo  apjuLr-' 
ently   widely   different   conditions.     Insensibility    is   ei|ually    prpduced    by  i| 
defldeiit  aed  ao  e^ce^nve  quantity  of  blood  within   the  cranium  (coma)  ;  but  it| 
was  once  supposed  that  the  latter  ofTereil  the  truest  analogy  to  the  nomiaJ  coo*' 
dition  of  the  brain  in   sleep,  and   in  tlie  absence  of  any  proof  to  the  contrary, 
the  brain  was  said  to  be  during  sleep  congested.     Direct  experimental    inquiry 
has  led,  however,  to  the  oiiixisite  conclusion. 

By  ejqKwing,  at  a  cireumHcribeci  »iM>t.  the  surface  of  the  brain  of  living 
an  tubals,  and  protecting  the  ex|K:>sed  |>art  by  a  watch-glass,  Durhani  was  nJtik 
to  prove  that  the  brain  becomes  visibly  paler  (antemic)  during  sleep ;  azid  th» 
anaemia  of  the  optic  disc  during  sleep^  ol>serve4i  by  Hughlings  Jackson*  maj 
be  taken  as  a  strong  eonrtrmation,  by  analogy,  of  the  same  fact. 

A  very  little  consideration  will  show  that  these  ex|ieriuieDtal  resulti  oone- 
spond  exactly  with  what  might  have  been  foretold  from  the  analogy  of  other 
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"physiological  conditioDB.  Blootl  is  supplied  to  the  brain  for  two  partly  dis- 
tinct puri>o8es.  (L)  It  is  supplied  for  mere  tiutritiou's  sake.  (2.)  It  i»  neces- 
sary for  briog^iog  supplies  of  pitontial  or  Jiotive  energy  {i.e..  combttut ibk  matter 
or  heat)  which  may  be  transformed  by  the  t^erebnil  corpuscle8  into  the  various 
manifestatioiifl  of  nerve-force.  During  sleep  blood  is  requisite  for  only  tlie  tirsi 
of  these  purposes ;  and  its  eupidy  in  jc^reater  quantity  would  be  not  only 
unelesa.  but  by  supplying  an  excitement  to  work,  wheo  rest  is  oeedetl,  would  be 
positively  hannful.  In  this  ies[>ect  the  varik'ing  circulation  of  blood  in  the 
brain  exactly  resembles  that  which  oc'curs  in  all  other  energy  tranHfoniiing 
parts  of  tbe  btxiy  ;  e.g.,  gktnds  or  tttunvki*. 

At  the  same  time,  it  is  necessary  to  remember  tlint  the  norn^al  anaemia  of 
the  brain  which  accompanies  sleep  is  probably  a  result,  and  not  a  cause  of  the 
iquiescence  of  tli©  cerebral  fimctions.  What  the  immediate  cause  of  this 
pericMlical  |wirtial  abrogation  c.f  functions  is,  however*  we  do  not  know. 

Somnambulism  and  Dreams. — What  we  tena  nkcp  occurs  often  in  very  differ- 
ent degrees  in  different  }»arts  of  the  nervous  system  ;  and  in  some  ^mrts  the 
expressicm  cannot  be  used  in  the  ordinary  sense. 

The  phenomena  of  dreamn  and  soruuttmhuHBTn  are  examples  of  differing 
degrees  of  sleep  in  different  parts  of  thecerebro-spina!  nervous  system.  In  the 
former  case  the  cerebrum  is  still  fxartially  active;  but  the  mind' products  of  its 
action  are  no  longer  correcteil  by  the  reception,  on  the  part  of  the  sleefiing 
9ett9(yrium,  of  impregslons  of  objecti*  l>elonging  to  tJie  outer  world  ;  neither  can 
tlie  oerebmni*  in  this  half -awake  condition,  ect  on  the  centres  of  reflex  action 
of  the  voluntary  mnscles,  so  as  to  cause  the  latter  to  contract- — a  fact  within 
the  painful  exiwrience  of  all  M^ho  have  suffered  from  nightmare. 

In  somnamhuUBui  the  cerebrum  is  capable  of  exciting  tliat  train  of  reflex 
nervous  action  which  is  necessary  for  progression,  while  the  uervi--eeotre  of 
muu^Hjtft  nense  (in  the  cerebellum?)  is.  presumably,  fully  awake  ;  hut  the  J»e«- 
9orium  is  still  asleep,  and  impressions  made  on  it  are  not  sufhciently  filt  to 
rouse  the  cerebrum  to  a  compariwou  of  the  difference  between  meri3  ideas  or 
memories  and  denizations  derived  from  external  objects. 

The  centres  for  mnsntlar  co-ordinatiom.—ln  asserting  that  the  co- 
ordination of  complicated  muscular  movements  is  connected  with  the 
middle  parts  of  the  brain  below  the  cere  brum  and  above  the  bulb,  we 
were  stating  a  fact  deduced  from  experiments  upon  animals.  The  exact 
way  in  which  these  parts  of  the  hniin  are  con  corned  it  is  difficult  to 
nnderstand.  It  appears,  however,  that  co-ordinated  movements  such  as 
standing,  walking,  and  the  maintcnaoee  of  the  equilibrium  generally, 
require  to  be  guided  and  governed  by  afferent  impulses,  which  tell  of 
the  condition  of  the  body  and  of  its  relatione  to  its  environment  (**  its 
position  in  space*').  The  afferent  impulses  are /r,"?//?/  visual  and  tactile 
sensations,  secomli^  sensations  by  which  we  appreciate  the  condition  of 
our  muscles  {muscular  sense),  and  thirdly^  as  appears  from  experiments 
on  pigeons  and  other  animals^  sensations  produced  by  the  pressure,  in 
different  directions,  of  the  fluid  in  the  semicircular  canals  of  the  in- 
ternal ear. 

Experiments  show  that  when   the   horizontal  semicircular  canal  is 
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divided  in  a  pigeon,  inco-ordinatiou  occurs,  with  a  constant  moTement 
of  the  head  from  side  to  side,  and  similarly,  when  one  of  the  Tertical 
canals  is  operated  upon,  up  and  down  movements  of  the  head  are  oV 
served.     The  bird  is  unable  to  fly  in  an  orderly  manner,  flatters  and 
falls  when  thrown  into  the  air,  and,  moreover,   is  able  to  feed  with 
difficulty.      Hearing   remains  unimpaired.      So  that    inco-ordination 
depends  upon  deficiency  or  disorder  of  normal  ampullar  influences.    It 
will  be  recollected  that  the   semicircular  canals    are  supplied  with  a 
nerve,  the  vestibular  branch  of  the  auditory,  which  is  connected  with  the 
bulb. 

It  is  probable  that  the  various  afferent  impulses  upon  which  co-ordina- 
tion  and  the  maintenance  of  the  equilibrium  depend  are  gathered  up,  as 
it  were,  in  the  tegmental  system  from  the  bulb  upward,  since  this 
region  is  so  intimately  connected  with  the  bulb  and  cord  posteriorly, 
and  with  the  optic  thalamus  and  corpora  quadrigemina  anteriorly.  In 
addition  to  the  tegmentum,  however,  the  cerebellum  and  pons  are  in 
some  way  concerned,  because  of  their  intimate  connection  with  the 
spinal  cord  and  bulb,  the  cerebellum  being  further  connected  with  the 
auditory  nerve  on  the  one  hand,  and  with  the  gray  matter  in  connecti(m 
with  the  tegmentum  on  the  other  hand. 

Sensory  Centres. 

There  is  evidence  that  fibres  from  the  nerves  of  special  sense  are 
specially  connected  with  definite  and  distinct  parts  of  the  cerebrum. 

Visual  or  Optic  Centre, — The  termination  of  the  optic  nerve  in  each 
eye,  the  retina,  to  the  structure  of  which  we  shjill  return  when  treating 
of  the  eye,  is  so  arranged  that  when  we  look  at  an  object  with  both 
eyes  symmetrical  parts  of  each  retina  are  used.     For  example,  if  we  look 
at  an  object  to  the  left,  an  image  of  that  object  is  f ocussed   upon  the 
right  half  of   both  retinae,  viz.,  upon  the  temporal  side  of  the  right 
retina,  and  upon  the  nasiil  side  of  the  left  retina.     The  optic  nerre- 
fibres  of  these  symmetrical  parts  of  the  retina  are  gathered  together 
behind  where  the  optic  nerves  decussate,  viz.,  in  the  optic  chiasma. 
Tlie  fibres  which  come  from  the  right  side  of  both  eyes  are  contained  in 
the  optic  tract  of  the  same  side,  viz.,  the  right,  those  from  the  right  eje 
being  outside  of  the  others.     In  the  same  way  the  left  optic  tract  con- 
tains internally  fibres  from  the  left  side  of  the  right  eye  and  externally 
tliose  from  the  left  side  of  the  left  eye.     On  the  inner  border  of  the  optic 
chiasma  and  tract  there  are  also  commissural  fibres  which  pass  from  one 
side  of  the  brain  to  the  other;  these  are  fibres  which  connect  one  median 
corpus  geniculatum  with  tlie  other.     They  are  called  the   inferior  or 
arcuate  commissure.     The  optic  tract  thus  formed  then  passes  back- 
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ward  and  terminates  in  three  distinct  nuclei,  viz.,  the  pukinar  of  the 
«ptic  thalamus,  the  median  corpus  qimdrigominum  and  the  lateral 
corpus  gen ieii latum.  These  nuclei  waste  if  the  eves  are  removed  from 
an  adult  aniraaJ ;  and  if  from  a  newly  born  animal  they  do  not  develop. 
The  optic  chiasma  in  ita  course  gives  off  fibres  which  are  connected  with 
the  nucleus  of  the  third  nerve. 

It  appears  that  some  of  the  fibres  of  the  optic  tract  pass  directly  into 
the  oerebral  cortex  without  joining  with  the  optic  thalamus,  corpus  quad- 
rigeminum  or  corpus  genieulatum. 

It  was  shown  above  that  the  fibres  of  the  cerebral  cortex,  known  as 
the  optic  radiation,  pass  from  the  occipital  region  to  the  three  nuclei 
about  which  we  are  speaking,  viz.,  into  the  pulvinar  of  the  optic  thala- 
mus, the  anterior  corpus  quad rigem ilium  and  lateral  corpus  geniculatum, 

■      Fig.  896,  — Me«iAl   Airpect  of  humaa  cprelirali   hetni8ph«*np  to  tDdicate  posHlon  of  centres. 
I  exact  poftltlou  of  the  centres  wiU  be  tueen  hy  fompeurlog  this  figure  with  figure  872. 


The 


and  it  is  known  that  when  the  occipital  cortex  is  removed,  these  three 
waste.  It  has  been  further  shoi^ii  that  in  a  newly  born  animal  the 
removal  of  such  a  region  is  followed  by  imperfect  development  of  the 
parts  in  question. 

If  one  optic  nerve  be  divided  blindness  of  the  corresponding  eye 
results,  but  if  one  optic  tract  be  divided  there  is  a  half  blindness, 
which  is  called  hemiauop»ia,  kemianopia^  or  hemiapia^  right  or  left, 
according  as  the  right  or  left  field  of  vision  is  cut  off.  It  is  highly 
probable  that  the  occipital  lobe  {figs.  382,  386),  and  particularly 
the  cuneufi,  is  concerned  as  a  so-called  visual  centre,  since  not  only  is 
it  connected  with  the  optic  nerves,  as  we  have  seen,  but  also  because  the 
removal  of  the  right  occipital  lobe  in  an  animal  (monkey),  is  followed 
by  left  hemiopia,  removal  of  the  left  by  right  hemiopiii,  and  removal  of 
both  occipital  lobes  by  total  blindness.   Some  have  connected  the  angular 
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gyrus  also  with  vision  as  the  centre,  while  others  look  upon  it  merdj 
as  an  accessory  centre. 

Olfactory  centre. — The  olfactory  nerve  diflfers  from  the  other  cranial 
nerves.     In  reality  it  is  a  representative  of  the  olfactory  lobes  of  other 
animals,  which  are  part  of  the  cerebrum.     It  originates  as  an  off-shoot 
from  the  cerebral  vesicle,  the  front  part  of  which  is  developed  into  the 
bulb  of  the  olfactory  nerve,  while  the  back  forms  its  peduncle.    The 
nerve,  the  cavity  of  which  is  filled  up  in  the  fully  developed  condition 
with  neurogliar  substance,  lies  upon  the  cribriform  plate  of  the  ethmoid 
bone,  and  is  contained  in  a  groove  of  the  frontal  lobe  on  its  under  sur- 
face.    On  examination  of  the  bulb  it  is  found  to  be  thus  made  up. 
Beneath  the  neurogliar  layer  is  a  layer  of  longitudinal  fibres  and  a  few 
nerve-cells,  next  to  this  is  a  layer  of  small  cells  (nuclear  layer),  fibres 
from  the  layer  of  nerve-fibres  passing  through  it. 

The  nuclear  layer  is  also  separated  into  groups  of  cells  by  an  inter- 
lacing of  the  fibres.  The  next  layer  is  thick  and  is  composed  of  neuroglia 
and  some  fibres,  some  of  which  are  medullated,  as  well  as  of  cells  more 
or  less  pyramidal  in  shape.  Below  this  layer  is  the  layer  of  olfactory 
glomeruli.  These  glomeruli  are  small  coils  of  olfactory  fibres  inclosing 
small  cells  and  granular  matter. 

Fibres  of  the  olfactory  nerve  proper  are  found  below  this  layer  and 
pass  to  be  distributed  to  the  olfactory  mucous  membrane.  They  are 
thought  to  have  origin  in  the  glomeruli.  The  peduncle  of  the  nerve 
or  the  olfactorii  trait  as  it  is  sometimes  called,  is  made  up  of  longitudinal 
fibres  originating  in  the  bulb,  with  neuroglia  and  some  nerve-cells. 

The  fibres  of  the  olfactory  tract  have  been  traced  into  the  nucleus 
amygdala}  and  its  junction  with  the  hippocampal  gyrus  in  the  temporal 
lobe  (fig.  386).  The  hippocampus  must  be  in  some  way  connected  with 
smell,  since  a  lesion  of  it,  leaving  the  olfactory  tract  uninjured,  seriously 
interferes  with  that  sense. 

Taste  centre. — It  is  very  uncertain  where  the  taste  centre  is  situated, 
if  such  exist.  It  has  been  placed  in  the  temporal  lobe,  not  far  from  that 
of  smell  (fig.  386). 

Auditor!/  centre. — The  position  of  this  centre  is  uncertain.  It  has 
been  localized  in  the  superior  temporal  convolution  (fig.  382).  Experi- 
ments have  been  made  which  connect  auditory  impulses  on  either  side 
with  the  posterior  corpus  quadrigeminum  and  the  median  corpus  genicu- 
latum,  for  when  the  internal  ear  is  destroyed  there  results  atrophy  of 
these  bodies  as  well  as  of  the  lateral  fillet  of  the  opposite  side ;  and  on  the 
other  hand,  destruction  of  the  part  of  the  temporal  lobe  above  indicated 
is  similarly  followed  by  atrophy  of  the  nuclei  of  the  same  side.  If  these 
results  be  confirmed  by  additional  experiments,  it  would  make  it  plain 
that  these  nuclei  bear  much  the  same  relation  to  the  sense  of  hearing 
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as  do  the  anterior  corpus  qiiadrigeminum  and  the  lateral  corpua  geni- 
cnlatimi  to  the  Eense  of  sight. 

FCNCTIOXS   OF   CORPOUA    STRIATA   AND   OpTIO   ThALAMI. 

llic  rorjforn  sfriaia.- — The  idea  formerly  held  that  the  corpora  striata 
are  concerned  in  the  transmission  of  motor  impulses,  or  that  they  are 
the  great  motor  ganglia  at  the  base  of  the  brain,  rests  upon  insyfficient 
evidence*  Lesions  of  the  corpora  striata  produce  hemiplegia  only 
Ijeeause  of  the  preasiire-eilccts  they  exercise  wpon  the  internal  capsule 
clu^^  by* 

The  caudate  nucleus  is  connected  with  the  opposite  side  of  the  cere- 
bellum by  fibres  which  couduet  downward,  and  the  lenticular  niieleus 
is  connectml  with  the  cerebcnum  by  fibres  from  the  tegmentum  and 
superior  cerebellar  peduncles  which  conduct  upward.  It  is  suggested 
that  the  corpora  striata  are  central  organs  analogous  to  the  cerebral  cortex 
itself.  "Tiie  an ulog}Mo  those  parts  of  the  cortex  that  are  connected 
with  the  cerebellum  is  rendered  still  greater  by  the  fact  that  a  lesion, 
even  an  extensive  lesion,  may  exist  in  either  the  caudate  or  lenticular 
nucleus,  and  so  long  as  it  does  not  interfere  with  the  functions  of  the 
motor  or  sensory  parts  of  the  iuternar  capsules  it  causes  no  persistent 
symptoms. ' '     {G  o  wers. ) 

Tkv  opiw  fhahmi^—Thfit  the  optic  thalami  are  the  great  sensory 
centres  at  the  base  of  the  brain— which  was  a  view  held  by  many  until 
recently — does  not  seem  to  be  based  npon  sufticiently  accurate  observa- 
tions. The  important  relation  to  the  tegmentum  of  its  own  side  would 
make  it  appear  as  being  specially  concerned  with  the  sensory  fibres  pass- 
ing to  the  cerebrum,  for  which  it  probably  forms  a  relay. 

Its  connection  with  the  optic  nerves  has  been  commented  upon  above. 
Fibres  connect  the  optic  thalamus  too  with  the  superior  peduncle  of  the 
cerebellum  of  the  opposite  side. 

Lesions  of  the  optic  thahimns  do  not  of  themselves  produce  entire 
loss  of  sensatioii.  If  such  a  symptom  follows,  it  is  due  to  pressure  upon, 
or  injury  to,  the  posterior  limb  of  the  internal  capsule.  The  optic 
thalamus  is  connected  with  visual  sensations,  and  may  be  a  reflex- centre 
for  some  of  the  higher  reflex  actions* 

Of  the  functions  of  the  eMenialcapHuU  and  of  the  eluudrum  nothing 
definite  is  known. 

The  Cerebellum. 

The  Cerebellum  (7,  8,  9,  10,  fig.  354)  is  composed  of  an  elongated 
central  portion  or  lolje,  called  the  vermiform  processes,  and  two  hemi- 
spheres.    Each  hemisphere  is  connected  with  its  fellow,  not  only  by 
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means  of  the  vermiform  iirocesses,  but  also  by  a  bundle  of  fibres  called  iW 
jniiidh  cms  or  pedufwk  (the  latter  forming  the  greater  part  of  the  poia 
Varolii),  while  the  sifperioj*  crura  with  the  valve  of  Vieusseos  conDect  it 
with  tlie  cerebrum  (5,  fig.  387),  and  the  infer  tor  ernr  a  (formed  hy  th^ 
proloTigecl  restiform  bodies)  connect  it  with  the  tnedullti  oblongata  (S, 
fig,  387). 

iStnicture, — The  cerebellnm  is  comi>o&ed  of  white  and  gray  matter, 
the  latter  being  external,  like  that  of  the  cerebrum,  and  like  it,  infolded, 
80  that  a  larger  area  may  be  contained  in  a  given  space.  The  oonvolu- 
tious  of  the  gray  matter,  however,  are  arranged  after  a  different  pattern, 
aa  shown  in  fig,  387.     Besides  the  gray  substance  on  the  surface,  there 


Fig.  aw,— Orebelluoi  in  s^tlon  and  fourth  ventrScle.  with  the  netgliborlnic  P*rta. 
Mfidt«J3  KTfJove  of  fourth  vi?n trick*.  <:'ndin>i:  bt^low  In  the  oalamti*  ncTijo^wiiM,  with  tb©  lofi^ritti' 
dinml  emiueneeti  formed  bv  iht*  famiruli  trreten,  on*  on  each  side;  2,  the  same  ippoaTe,  at  u» 
plAoe  wheni?  thi*  whit**  Btn?alrs  of  thi*  auditorv  uerve  emerjce  from  it  to  cross  the  floor  of  tbf  Tvt^ 
tiicle;  a,  inferior  cms  or  petiynele  of  tht»  ct-r^tK^llum,  formed  by  the  restiform  body ;  -C  porterior 
pjmuuid;  flbove  rhis  L«  tiae  c*alttoui.*4  »i:riptorius:  6,  siipprior  cnm  of  cerebellum,  or  pro< 


a,  fi,  fillet  to  the  Bide  of  the  crura  <5«rebri ; 
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OToom  of  the  crura  cerebri  j  8,  corpora  quadrigemloa.     (From  Sappvy  after  HirschfeM  aiti 


cerebeno  od  cerebrum  (or  odi  t^ites> 
aoves  o^ 
rtilU.} 

is,  near  the  centre  of  the  white  substance  of  each  hemisphere,  a  small 
capsule  of  gray  matter  called  the  rorpus  dmfafum  (fig-  388,  rrf)i  resem- 
bling  very  closely  the  rorptm  deniafnm  of  the  olivary  body  of  themedulJi 
oblongata  (fip.  362,  388,  o). 

If  a  section  he  taken  through  the  cortical  portion  of  the  cerebel 
the  following  distinct  layers  can  hv  seen  (fig,  389)  by  microscopic  ei- 
aminatton.  ! 

(L)   Immediately  beneath  the  pia  mater  (p  m)  is  a  layer  of  consid- 
erable thickness,  which  consists  of  a  delicate  conneciire  tissue^  in  which 
are  scattered  several  spherical  corpuscles  like  those  of  the  graDalar  laveri 
of  the  retina,  and  also  an  immenjw  nnmber  of  delicate  fibres  passing 
toward  the  free  surface  and  branching  as  they  go-     These  fibres 


THE    NERVOUS   SYSTEM, 


Oil 


•chiefly  the  procesaes  of  the  cells  of  Piirkinje.  (2.)  The  cells  of  Purkinji 
(fig.  375  and  389),  These  are  a  single  layer  of  rery  large  (40/j  X  30m) 
hranched  nerve-cells,  with  large  round  nuclei,  each  of  which  gives  off  a 


f1^.  48&— Outline  sketohof  a  section  of  thf*  eere*»M*llum,  showitiffthecOTpus  dentatum.    Th« 

^tlooi  hai  been  carrje<l  through  tln^  l«*ft  lateral  iwirt  wf  ihe  poiifi,  ho  as, U>d\\k\'^  the Hijjit*rior  pe- 

'lltincle  aim]  pass  m^Arly  throuKii  tlu*  luifMIe  of  Liu*  left  ceretM-llarhfiuUr^hene.  The  olirjirj-  body 
hAA  ftlSD  been  divliJed  Inui^itudinally  so  a3^  to  expo«f*  in  SfCtioD  its  corpiM  d^iitatum,  c  r.  erua 
-cerebri;  /,  flli*?t ;  q^  carjwirft  i|iiaiini7i*aiiaa;  $ p,  superior  pt-cl uncle  of  the  cfr^'h^llum  <Uvided ; 
■      ^-       ■        -     -    -  Vt,rr  '        * 


m  p,  middle  peduEH'le  or  Inu^ral  purt  of  the  pooii 

■whit*  ftt«iii;  a  i\  cohtinufttion  of  thi^*  white  stotn  nullfttlag  toward  the 'arbor  vltw  of  tii«  folia; 


arotii.  witli  fibre*  poAsin^  from  it  into  the 
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c  rf,  corpus  denutum;  a,  olivary  body  with  lt»  cjjrpiia  dantAtum;  p,  anterior  pyramid, 
Tliomson.  >    %. 

©ingle  nnbranched  process  downward,  and  numerous  processes  upward 
into  the  external  layer,  some  becoming  rontinuoiia  with  the  scattered 
corpuscles  of  that  layer.  (3.)  The  nuclear  or  gnuiidar  hujer  {tj)^  con- 
sisting of  immense  numbers  of  corpuscles  closely  resembliug  those  of  the 
zmolear  layers  of  the  retina.  Some  of  these  corpuscles  belong  to  the 
nearoglia,  but  others  arc  small  nerve  cells  which  terminate  in  processes 
which  end  in  minute  branchings.  One  of  the  processes  sends  a  branch 
outward  to  the  molecular  layer.  (4. )  Nerve-fihre  hf/er  (  f. )  Bopdles  of 
nerve-fibres  forming  the  white  matter  of  the  cerehelhim,  which,  from 
its  branched  appearance,  has  been  named  the  arbor  vHw,  Some  of 
these  fibres  pass  out  to  join  with  the  cells  of  Purkiujc,  and  others 
pass  further  outward  into  the  molecular  layer,  where  losing  their  me- 
dullas, they  divide  into  fibres  which  form  part  of  the  layer.  In  the 
molecular  layer,  then,  there  are  four  sets  of  fibres,  those  passing  of^from 
the  cell  proi>er  to  the  layer,  those  from  the  nuclear  layer,  those  from  the 
ceUa  of  Purkinjc,  and  the  fibres  from  the  central  gray  matter. 

Functions  of  the  Cerebelll'm. 

(1.)  With  the  exception  of  its  middle  lobe,  the  tereheUum  is  itself  in- 
sensiMe  to  irrifatiou  and  may  be  all  cutaway  without  eliciting  signs  of 
pain  (Longet).  Its  removal  or  disorganization  by  disease  is  also  generally 
unaccompanied  by  loss  or  disorder  of  sensibility;  animals  from  which  it 
is  removed  can  smell,  see,  hear,  and  feel  pain,  to  all  appearances,  as  per- 
fectly as  before  (Flourens;  Magendie).  It  cannot,  therefore,  be 
regarded   as  a  princijial  organ  of  sensation.     Yet,  if  any  of  its  crura  be 
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toiicbed,  piiin  is  inilicateil;  uiid,  if  tlio  restiform  tracts  of  the  medtilk 

oblongatii  \}e  irritated,  the  most  acute  suffering  appears  to   be  produoi-d. 

(2.)   Co-ordination  uf  Movements. — In  reference  to  motion,  the  espeh- 

ments  of  Longet  und  many  others  agree  that  no  irritation  of  the  oerebd- 


Flpr,  aw.— VertJcRl  ^'     ,  '■    ^  ;  p.  corpuscles  of  1 

and    more   tiuiiirrou^   t>ties  iipwrml,  v^'hlch   'brarteli  contimionsly  and  «'xti-nrl  thrpu^ 

"moltrtuliir  layer"  towiurrl  tht'  fret*  Hurf ace :         "  "  -     ■      - 

8**mhlinj^  Dueled     '  -       ■ 

pu6cl«i.    Thl«  1 

layern  between  it  asa  me  iree  i»uniice  ikre  f/ray  i 

lum  produces  movement  of  any  kind.  Remarkable  results,  however, 
produced  by  removing  parts  of  its  substance.  Flourens  {whose  experi-l 
ments  have  been  confirmed  by  those  of  Bouillaud,  Longet,  and  others) 
ertirpated  tlie  cerebellam  in  birds  by  auccessivo  Uiyera.     Feebleness  and , 
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want  of  harmony  of  muscular  movements  were  the  consequence  of  remov- 
ing the  supertieial  kyers.  Wlien  he  reached  the  midcHe  layers,  the  ani- 
mals bec4irae  restless  without  bein^^  convulsed;  their  movemonta  were 
violent  and  irrpgithir,  but  their  sight  and  hearing  were  perfect.  By  the 
time  that  the  hist  portion  of  the  organ  was  cut  away,  tlie  animals  had 
entirely  lost  the  powers  of  springing,  flying,  walking,  standing,  and 
preserving  their  ec|uilibrium.  When  an  animal  in  this  state  was  laid  ujxju 
its  back,  it  eon  Id  not  recover  its  former  postnre,  but  it  fluttered  its 
wings,  and  did  not  he  in  a  state  of  stupor;  it  saw  the  blow  tluit  threatened 
it,  and  endeavored  to  avoid  it.  Volition  and  sensation,  therefore,  were 
not  lost,  but  merely  the  faculty  of  combining  the  actions  of  the  mnselea; 
and  tlie  endeavors  of  the  animal  to  maintain  its  balance  were  like  those 
of  a  drunken  man. 

The  experiments  afforded  the  same  results  when  repeated  on  all  classes 
of  animals;  and  from  them  and  the  others  before  referred  to,  Flourens 
inferred  that  the  cerekdlum  belongs  neither  to  the  sensory  nor  the  intel- 
lectual apparatus;  and  that  it  in  not  the  84:mrce  of  vohmtary  movements, 
although  it  belongs  to  the  motor  apparatus;  hot  is  the  organ  for  the  co- 
ordination of  the  voluntary  movements,  or  for  the  excitement  of  the  com- 
bined action  of  mnscles. 

Such  evidence  as  can  be  obtained  from  cases  of  tliseiise  of  this  organ 
confirms  the  view  taken  by  Flourens:  and,  on  the  whole,  it  gains  sop- 
port  from  companitive  anatomy;  animals  whose  natural  movements 
require  most  frequent  and  exact  combinations  of  muscular  actions  l>eing 
those  whose  ce  rebel  la  are  most  developed  in  projxjrtion  to  the  spinal 
cord. 

We  must  remember,  too,  that  the  cerebellum  is  connected  with  the 
posterior  columns  of  the  cord  as  well  as  with  the  direct  eerebeUar  tract, 
both  of  which  probably  convey  to  the  middle  lobe  muscular  sensations. 
It  is  also  connected  with  the  auditory  nerves  and  hull)  by  the  internal  and 
external  acute  fibres;  and  with  the  tegmentum  through  the  red  nuclei. 
Its  connection  with  the  efferent  tracts  from  the  different  cerebral  lobes 
through  the  pons  is  also  highly  important.  Movements  of  the  eyes  also 
occur  on  direct  stimulation  of  the  middle  lobe.  It  seems,  therefore,  to 
he  connected  in  some  way  with  all  of  the  chief  sensory  impulses  which 
have  to  do  with  the  maintenance  of  the  eqnilihrinm,  and  is  generally 
included  in  the  nervous  apparatus  wliich  is  supposed  to  govern  this  func- 
tion oi  our  bodies. 

Foville  ftttppoaed  that  the  cerebelhim  is  tlie  nrgan  of  mttsettlar  sense,  i.  p. ,  the 
ofgan  by  which  the  oiind  acquires  that  knowledge  of  the  actual  state*  and 
poeition  of  the  mu&ctt?a  which  is  essential  to  the  exercise  of  the  will  uponthera  ; 
and  it  must  be  admitteil  that  all  the  facts  juat  referred  tt>  are  lis  well  explained 
on  thia  hypotliesis  as  ou  that  of  the  ceretiellum  being  the  organ  for  combining 
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movements.  A  harmonious  combination  of  muscular  actions  must  depend  as 
much  on  the  capability  of  appreciating  the  condition  of  the  muscles  with  regard 
to  their  tension,  and  to  the  force  with  which  they  are  contracting,  as  on  the 
power  which  any  special  nerve- centre  may  possess  of  exciting  them  to  contnc- 
tion.  And  it  is  because  the  power  of  such  harmonious  movement  would  be 
equally  lost,  whether  the  injury  to  the  cerebellum  involved  injury  to  the  seat 
of  muscular  sense,  or  to  the  centre  for  combining  muscular  actions,  that  ex- 
periments on  the  subject  afford  no  proof  in  one  direction  more  than  the  other. 

Forced  Movements. — The  influence  of  each  half  of  the  cerebellum 
is  directed  to  muscles  on  the  opposite  side  of  the  body ;  and  it  would 
appear  that  for  the  right  ordering  of  movements,  the  actions  of  its  two 
halves  must  be  always  mutually  balanced  and  adjusted.  For  if  one  of  its 
crura,  or  if  the  pons  on  either  side  of  the  middle  line,  be  divided,  so  as 
to  cut  off  from  the  medulla  oblongata  and  spinal  cord  the  influence  of  one 
of  the  hemispheres  of  the  cerebellum,  strangely  disordered  movementa 
ensue  (forced  movements).  The  animals  fall  down  on  the  side  opposite 
to  that  on  which  the  crus  cerebelli  has  been  divided,  and  then  roll  OTer 
continuously  and  repeatedly;  the  rotation  being  always  round  the  long 
axis  of  their  bodies,  and  generally  from  the  side  on  which  the  injury  hi& 
been  inflicted.  The  rotations  sometimes  take  place  with  much  rapidity; 
as  often,  according  to  Magendie,  as  sixty  times  in  a  minute,  and  may  last 
for  several  days.  Similar  movements  have  been  observed  in  men;  as  by 
Serres  in  a  man  in  whom  there  was  apoplectic  effusion  in  the  right  crua 
cerebelli ;  and  by  Belhomme  in  a  woman,  in  whom  an  exostosis  presed 
on  the  left  crus.  They  niay,  perhaps,  be  explained  by  assuming  that 
the  division  or  injury  of  tlie  crus  cerebelli  produces  paralysis  or  imper- 
fect and  disorderly  movements  of  the  opposite  side  of  the  body;  the 
animal  falls,  and  then,  stniggling  with  the  disordered  side  on  the 
ground,  and  striving  to  rise  with  the  other,  pushes  itself  over;  and  so 
again  and  again,  with  the  same  act,  rotates  itself.  Such  movements  cease 
when  tlie  other  crus  cerebelli  is  divided;  but  probably  only  because  the 
paralysis  of  the  body  is  thus  made  almost  complete.  Other  varieties  of 
forced  movements  have  been  observed,  especially  those  named  "  circus 
movements,"  when  the  animal  operated  upon  moves  round  and  round  in 
a  circle;  and  again  those  in  which  the  animal  turns  over  and  over  in  a 
series  of  somersaults.  Nearly  all  these  movements  may  result  on  section 
of  one  or  other  of  the  following  parts;  viz.,  crura  cerebri,  medulla, 
pons,  cerebellum,  corpora  quadrigemina,  corpora  striata,  optic  thalami, 
and  even,  it  is  said,  of  the  cerebral  hemispheres. 

Functions  of  the  Corpora  Quadrigemina  and  GExicrLAXA. 

The  corpora  quadrigemina  are  the  homologues  of  the  optic  lobes  in 
birds,  amphibia,  and  fishes.     The  anterior  pair  may  be  regarded  as  the 


THE   NXRVOrS  SYSTEM.  621 

principal  nerve-centres  for  visual  sensations,  the  posterior  possibly  witb 
auditory  sensation, 

Fum'tiQtt:i,—{l)  The  experiments  show  that  removal  of  the  anterior 
corporu  rjinidrigemiinv  wholly  ilustroys  the  power  of  seeing;  and  disetises 
in  whi^h  they  are  disorganized  are  usually  accompanied  by  blindness. 
Atrophy  of  them  is  also  often  a  consequence  of  removal  of  the  eyes* 
Destruction  of  one  of  the  anterior  corpora  quadrigemina  (or  of  one  optic 
lobe  in  birds)  produces  hemiopia  of  opposite  field  of  vision.  This  loss  of 
gight  ia  the  only  apparent  injury  of  sensibility  sustained  by  the  removal 
of  the  corpora  quadrigemina. 

The  (2)  removal  of  one  of  them  affects  the  movements  of  the  body, 
so  that  animals  rotate,  as  after  division  of  the  crus  cerebri,  only  more 
slowly:  but  this  may  be  due  to  giddiness  and  partial  loss  of  sight. 

(:))  The  more  evident  and  direct  influence  is  that  produced  on  th© 
iris.  It  contracts  wdien  the  anterior  corpora  quadrigemina  are  irritated: 
it  is  always  dilated  when  they  are  removed :  bo  that  they  may  be  regarded* 
in  some  measure  at  least,  as  the  nervons  centres  governing  its  move- 
ments, and  adapting  them  to  the  impressions  derived  from  the  retina 
through  the  optic  nerves  and  tracts. 

(4)  The  centre  for  the  co-ordination  of  the  movements  of  the  eyes  is 
also  contained  in  them.  This  centre  is  closely  associated  with  that  for 
contraction  of  the  pupil,  and  so  it  follows  that  contraction  or  dilatation 
follows  upon  certain  definite  ocular  movements. 

As  we  have  seen,  the  lateral  corpus  geniculatum  is  associated  on 
either  side  with  the  anterior  corpus  quadrigeminum,  and  the  median 
corpus  geniculatum  with  the  posterior  corpus  quadrigeminum. 

TIte  St/mpathtik'  Sifiittifh — Having  in  the  preceding  chapters  com- 
pleted  the  description  of  the  Cerebro-spinal  nervous  system  proper,  there 
remains  to  be  considered  the  structure  and  functions  of  the  so-called 
Sympathetic  nervous  system,  and  to  this  it  is  now  necessary  to  direct 
attention. 

It  should,  however,  be  distinctly  borne  in  mind  that  the  cerebro- 
spinal and  sympathetic  in'stems  are  not  distinct  from  one  another.  The 
separation  of  the  one  from  the  other  may  be  considered  to  be  purely  for 
the  sake  of  convenience, 

Disfrihufion. — Jt  consists  of:  (1)  A  double  chain  of  ganglia  and 
fibres,  which  extends  from  the  cranium  to  the  pelvis,  along  each  side  of 
the  vertebral  column,  and  from  which  branches  are  distributed  both  to 
the  cerebro-Bpinal  system,  and  to  other  parts  of  the  sympathetic  system. 
With  these  may  be  included  the  small  ganglia  in  connection  with  those 
branches  of  tlje  fifth  cerebral  nerve  which  are  distribute<l  in  the  neigh* 
borhood  of  the  organs  of  special  sense:  namely,  the    Ophthalmic^  OtiCy 
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J^phmO'pnlaiim  and  SuhmnxiUanj  ganglia,  (2)  Various  ganglia  and 
plexuses  of  nerve-fibres  which  give  off  branches  to  the  thoracic  and  ab- 
dominal viscera,  the  chief  of  such  plexuses  being  the  Cardiac^  Solar^ 
and  Hypogastric;  hut  inintimate  connection  with  tliesc  are  many  second- 
ary plexuses,  as  the  Aortk\  iSpermaiic,  and  RenaL  To  these  plexuses, 
fibres  pass  from  tho  prsevertebral  chain  of  ganglia,  ns  well  as  from  cerebro- 
spinal nerves.  (3)  Various  ganglia  and  plexuses  in  the  substance  of 
many  of  the  viscera,  as  in  the  Sfonmrh^  httesiines^  and  rr'uHtrij  bhffhhr. 
Thede,  which  are,  for  the  most  part,  microscopic,  also  freely  communi- 
cate with  other  parts  of  the  sympathetic  system,  as  well  as,  to  some  ex- 
tent, with  tlie  cerehro-spinal,  (4)  By  many,  the  ganglia  on  tho  Pos* 
ierior  roots  a/  the  spnnnl  nerve^^  on  the  GlossophanjnffenI  and  Vagns^  and 
on  the  Senmry  root  of  the  Fifth  eerebral  nerve  (Gasserian  ganglion),  are 
also  in  eluded  as  sympathetic-nerve  etructures. 

Clitssificatmi, — Oaskell's  researches  have  suggestetl  a  convenient 
classification  for  the  sympathetic  ganglia  into:  (1,)  The  main  sympa- 
thetic chain,  extending  from  above  downward,  in  the  form  of  connected 

■  ganglia  lying  upon  the  bodies  of  the  vertebra?,  which  may  be  called 
l^terfd  or  vertebral  ganglia.  (2).  A  more  or  less  distinct  chain,  prjever* 
tcbral  in  position,  consisting  of  the  semi-lnnar,  inferior  mesenteric  and 

■  similar  plexuses,  which  may  be  called  collateral  ganglia.  (3.)  Ganglia 
situated  in  the  organs  and  tissues  themselves,  called  temiinnl  ganglia. 
(4*)  The  yanyha  of  the  poiiterior  roots  of  the  spinal  ner%^es. 

The  connection  between  these  parts  is  as  follows:  the  visceral  branch 
or  ramus  communicans  of  each  spinal  nerve,  which  is  one  of  the  divi- 
sions of  a  typical  spinal  nerve — the  others  l^eiug  the  dorsal  and  ventral 
— passes  first  of  all  into  the  lateral  chain;  from  this  chain  branches, 
rami  efferente.^^  pass  into  the  collateral  ganglia,  and  from  these  again 
other  branches  pass  off  Into  the  organs  to  exid  in  the  terminal  ganglia. 
In  the  thoracic  region  the  rami  common icantes  are  composed  of  two  parts, 
white  and  gray.  The  former  can  be  traced  backwanl  into  both  spinal 
nerve-roots  of  their  correspouding  spinal  nerve;  and  in  the  other  direc- 
tion partly  into  the  lateral  sympathetic  chain,  and  partly  into  the  great 
splanchnic  nerves  and  so  into  the  collateral  ganglia  without  entering 
the  lateral  chain  at  all.  The  upper  trkife  rami  (from  the  2nd  to  the 
5th),  however,  proceed  upward  and  join  the  superior  cervical  ganglion 
instead  of  passing  downward  into  tlie  splanchnics.  Other  bninchcs  go 
downward  into  the  lumbar  and  sacral  plexuses.  The  yray  rami  of  all 
the  spinal  nerves  are  the  only  apparent  representatives  of  the  visceral 
branches  in  the  regions  above  the  2nd  thoracic  nerve-root,  and  below 
the  2nd  lumbar  nerve-root,  with  the  exception  of  the  roots  of  the  2nd 
and  3rd  sacral  nerves,  which  have  also  white  rami,  and  consist  of  non- 
medullated  fibres,  and  pass  from  the  ganglia  to  be  distributed  chiefly  to 
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the  spinal  column,  to  tlie  spinal  membranes  and  to  the  spinal  nerTe-roots 
themselves.  We  must  look  upon  the  white  rami  then  as  the  YJAcer^ 
branches  proper, 

A  peculiarity  in  the  structure  of  these  white    meduUated  viscenl 
nerves  is  the  fineness  of  their  fibres*     They  are  a  third  or  a  fourth  «»f  the 
diameter  of  ordinary  medullated  fibres,  measuring  l.Hfi  to  2.Tm  inateail 
of  14,4/2  to  ID^i,     Such  fibres  are  a  peculiarity  of  the  spinal  nerve-roota 
chiefly  in  the  thoracic  region,  but  they  are  also  found  in  the  secMind  and 
third  sacral  nerves,  and    constitute  there  the  fiervi  erigenies  which  p«a 
directly  to  the  hypogastric  plexus^  and  not  first  of  all   into  the  lat 
chain.       From    this   plexus    branches    pass  upward    into    the   inferia 
mesenteric  ganglia  and  downward  to  the  bladder,  rectum  and  generati^ 
organs.     These  nerves,  called  by  Gaskcll  jD^/r/>  splanchnic  nerve-s,  difei 
from  the  rami  viscerales  of  the  thoracic  region  only  in  not  communicat- 
ing  with  the  lateral  ganglia;  the  branches  which  pass  upward  from  th 
thoracic    region   to  the    neck,    he   calls    cervical  splanchnie^^    and  th 
splanchnics  proper  ukhminal  i^phinrhnirs.     The  whito  rami  Tisceralesc 
the  upper  cervical  and  cervico-cranial  regions  do  not   run  with  the 
corresponding  gray  rami,  but  form,  Gaskell  thinks,  the  internal  hranc 
of  the  spinal  accessory  nerve,   which  contains  small    medullated  fihr 
similar  to  those  of  the  visceral  branches  in  the  thoracic   region.     Thi^ 
branch  passes  into  the  ganglion  of  the  trunk  of  the  vagus.      Small  viscer 
fibres  exist  too  in  the  roots  of  the  vagus,  and  in  those  of  the  gloseo-pharyi 
getd  in  connection  with  the  ganglion  of  the  trunk  and  ganglion  petrosua 
as  well  as  in  the  chorda  tympani,  in  the  snudl  petrosal   and   in  other' 
cranial  visceral  nerves. 

Funciioiu, — The  researches  of  Gaskell  have,  liowever,  done  much 
clear  up  the  former  confusion  as  to  the  functions  of  the  sympathetic 
and  in  the  following  account  the  description  of  the  functions,  as  giva 
by  that  observer,  is  followed. 

The  efferent  mrre  fibres   of  the  sympathetic  system    supply  {a)  thftH 
muscles  of  the  vascular  system,  to  which  they  send  vaao-motor  fibrei^ 
r.^.,  vam-vonstridor  and  cardiac  augmentor  or  arceleraiory  and  vaso-ia- 
hibitory  fibres,  r.f.,  vmo-dikiior  and  cardim  inhibitor^/;  (b)  the  Tisceralj 
muscles,  to  which   they  send  both    vucertt-moior  and  tyiscero^inhibiUm 
fibres,     (r)  The  secretory  gland-cells. 

{a)  i.  Vam-tmtor  or  Vaf(o-eon^lri<iornud  Cardio-atigmenior  Fthres,- 
The  vaso-motor  nerves  for  all  parts  of  the  body  come  from  the  central  ner- 
vous system,  and  pass  out  from  the  spinal  cord  in  the  white  rami  Tiaoeralei 
of  the  thoracic  region  from  the  second  thoracic  to  the  second  lumbar  nerve- 
roots  inclusive,  as  fine  medullated  fibres;  they  then  pass  to  the  lateral  or 
main  sympathetic  chain,  become  non-medullated,  and  are  distributed  ta 
their  muscles  either  directly  or  through  terminal  ganglia.      Thus  the  aug- 
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mentor  Beryes  of  the  heart  urise  in  the  thoracic  ramf»  pass  upward 
through  the  ganglion  stellatum  (first  thoracic  ganglion),  the  annulus  of 
VieuBsens  and  the  inferior  cervical  ganglion,  and  are  diatribnted  to  the 
heart;  the  vaeo-niotor  roots  of  the  brachial  plexus,  in  the  anterior  roots 
of  the  gecond  and  lower  thoracic  nerves,  and  reach  that  plexus  by  the 
same  ganglion;  the  vaso-motor  nerves  of  the  foot  leave  the  spinal  cord 
high  up,  and  reach  the  sympathetic  lateral  ganglia  above  the  origin  of 
the  sciatic  nerve,  into  which  they  pass  through  the  abdominal  sympa- 
thetic. In  all  cases  the  nerves  lose  their  medulla  in  the  ganglia. 
Similarly  the  vaso-motor  nerve  supply  for  the  blood- vcsseis  of  the  head 
and  neck  and  of  tlie  abdomen  is  derived  from  the  cervical  and  abdominal 
Bplanchnioa  respectively,  or  from  the  corresponding  rami  elferentea  of 
the  upper  lumbar  ganglia. 

The  lateral  sympathetic  chain  Gaskell  proposes  to  call  the  chain  of 
t*aso-  mofo r  fja ngUa . 

ii*  Vam-inhibitory  or  VasQ-dilaior^  and  Cardw-inhibifori/  Fibres, — 
Of  these,  which  are  doubtless  as  widely  distributed  as  the  vaso-motor 
fibres,  we  have  distinct  proof  in  the  existence  of  fibres  separate  from 
vaso-motor,  e.g,^  in  the  inhibitory  nerve  of  the  heart,  the  cardio-vagua; 
in  the  chorda  tympani;  in  the  small  petrosal,  and  inthenervi  erigentes. 

These  nerve-fibres,  as  far  as  we  know  at  present,  leave  the  central 
nervous  system  among  the  fine  medullated  nerves  of  the  cervico-cranial 
and  sacral  rami  commnnicantes,  do  not  enter  the  lateral  ganglia,  but 
pass  without  losing  their  medulla  into  the  collateral  or  terminal 
ganglia. 

(L)  i.  Viscero-mohr  Fibres. — These  fibres,  upon  which  depend  the 
peristaltic  movements  of  the  thoracic  portion  of  the  cesophagus,  and  of 
the  stomach  and  intestines,  arise  from  the  central  nervous  system,  as 
the  fine  medullated  fibres  of  the  upper  portion  of  the  cervical  region,  not 
in  the  spinal  nerve-roots  of  that  region,  but  as  the  bundles  of  fibres 
which  may  be  called  the  rami  viscerates  of  the  vagus  and  accessory  nerves. 
They  pass  to  the  ganglion  of  the  trunk  of  the  vagus,  where  they  lose 
their  medulla. 

ii.  Vi»('erO' Inhibitory  Fibres, — ^It  appears  that  the  nerve  supply  to 
the  circular  muscles  of  the  alimentary  canal  and  its  appendages,  is  con- 
tained in  the  abdominal  splanchnics,  and  consists  of  those  fibres  which 
have  not  passed  through  the  lateral  chain,  and  which  therefore  retain 
their  medulla  until  they  reach  the  proximal  or  collateral  chain. 

(c)  Giandiihir  Nerv€-Fibre.s,~A  double  nerve  supply,  in  all  proba- 
bility coinciding  with  the  supply  to  the  visceral  muscles,  has  been 
demonstrated  in  the  cases  of  the  eubmaxillary,  parotid,  and  lachrymal 
glands,  and  in  these  cases  the  course  of  the  fibres  is  very  similar  to 
that  of  the  corresponding  fibres  for  the  vaao-muscular  supply.  Thus 
40 
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the  sympathetic  supply  for  these  glands  passes  along  with  the  Taso- 
motor  fibres  from  the  cervical  splanchnic  (or  sympathetic  trunk),  and 
superior  cervical  ganglion ;  while  the  cerebro-spinal  supply  comes  from 
the  rami  viscerales  of  the  cranial  nerves  in  conjunction  with  the  vaso- 
dilator fibres. 

Central  Origin  of  the  Rami  Viscerales. — There  appears  to  be  tte 
strongest  presumption  that  the  white  rami  of  the  thoracic  region  arise 
in  the  spinal  cord  in,  or  are  connected  with,  the  cells  of  the  posterior 
vesicular  column  of  Clarke.  This  conclusion  is  based  upon  the  fact  that 
these  special  cells  are  found  in  the  three  regions  already  mentioned,  and 
in  those  only  where  the  white  rami  of  fine  meduUated  fibres  exist,  viz., 
in  the  cervico-cranial  regions,  in  the  spinal  accessory,  in  the  thoracic 
region,  and  in  the  sacral  region.  But  it  is  probable  that  the  fibres  are 
also  connected  with  the  cells  of  the  lateral  horn  of  the  gray  matter  of 
the  spinal  cord,  and  its  representative  in  the  medulla,  the  antero-lateral 
nucleus  of  Clarke. 

In  a  paper  supplementary  to  his  first  account  of  the  sympathetic 
system,  Gaskell  traced  the  nerve  fibres  of  the  anterior  nerve  roots  to  the 
various  groups  of  nerve  cells  in  the  spinal  cord  thus:  (i.)  Efferent 
nerves  to  somatic  muscles  arise  from  group  of  cells  of  anterior  cornna; 
{ii.)  efferent  nerves  to  striated  splanchnic  muscles  from  cells  of  thetrac- 
tus  intermedio-lateralis.  (iii. )  Anabolic  or  inhibitory  nerves  to  glands, 
muscles  of  viscera,  and  vessels  of  splanchnic  system  from  cells  of  Clarke's 
column;  (iv.)  motor  nerves  to  visceral  muscles  from  solitary  cells  at  the 
base  of  the  posterior  cornu ;  and  (v. )  motor  or  catabolic  nerves  to  glands 
and  vascular  muscles  from  small  cells  of  the  lateral  cornu. 

Structure  and  Functions  of  the  Ganglia. — The  sympathetic 
ganglia  all  contain — (1.)  nerve-fibres  traversing  them;  (2.)  nerve-fibres 
originating  in  them,  (3.)  nerve  or  ganglion -corpuscles,  giving  origin  to 
these  fibres;  and  (4.)  other  corpuscles  that  appear  free.  In  the  sym- 
pathetic ganglia  of  the  frog,  ganglion-cells  of  a  very  complicated  struc- 
ture have  been  described  by  Beale,  and  subsequently  by  Arnold.  The 
cells  are  inclosed  each  in  a  nucleated  capsule :  they  are  pyrif orm  in  shape, 
and  from  the  pointed  end  two  fibres  are  given  off,  which  gradiiallv 
acquire  the  characters  of  nerve-fibres;  one  of  them  is  straight,  and  the 
other  (which  sometimes  arises  from  the  cell  by  two  roots)  is  spirally 
coiled  around  it. 

According  to  Gaskell  the  functions  of  the  main  sympathetic  ganglia 
are  the  following : — (1.)  They  effect  the  conversion  of  medulla  ted  into 
non-medullated  fibres;  (2.)  They  possess  a  nutritive  influence  over  the 
nerves  which  pass  from  them  to  the  periphery;  (3.)  They  increase  the 
number  of  fibres  at  the  same  time  as  they  cause  the  removal  of  the 
medulla.     As  regards  their  possession  of  the  usual  properties  of  nerve- 
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centres  little  or  nothing  is  certainly  known.  It  appears  unlikely  that 
they  possess  the  reliex  functions  of  the  spinal  centres. 

As  a  contribution  toward  the  explanation  of  the  nervous  mechanism 
of  nutjition  comes  in  Gaskell's  theory  of  vaiabolir  and  anubaUc  nerves. 
He  supposes  that  every  tissue  is  supplied  with  two  sets  of  nervea,  the 
former  of  which  corresponds  with  the  motor  nerve,  the  viscero-motor 
and  the  cardio-augmentor,  by  the  stimulation  of  w^hich  an  increase  of 
the  metabolism  takes  place,  and  which  is  followed  by  exhaustion.  It 
may  be  accompanied  either  by  contraction  of  a  muscle  or  by  an  increase 
of  contraction.  Such  a  nerve  is  excellently  illustrated  by  the  sympa* 
thetic  angmentor  or  accelerator  nerve  of  the  heart,  on  stimulation  of 
which  an  increase  in  the  force  and  frequency  of  the  heart  takes  place, 
followed  after  a  time  by  exhaustion.  A  catabolic  nerve  stimulates  the 
destructive  metabolism  which  is  always  going  on  in  a  tissue.  The 
anabolic  nerve  is  the  exact  opposite  of  the  cataboJic  nerve  in  function. 
It  subserves  constructive  metabolism.  Stimulation  of  the  nerve  pro- 
dnees  diminished  activity,  repair  of  tissue  and  building  up.  An  exam- 
ple of  this  kind  of  nerve  is  seen  in  the  cardiac  vagus,  stimulation  of 
which  produces  inhibition.  Inhibition  must  generally  be  looked  upon 
as  an  anabolic  process. 

It  will  be  seen  that  the  results  of  stimulation  of  the  nerves  to  the 
salivary  glands,  discussed  in  a  former  cliapter,  appear  to  support  the 
theory,  that  tlie  processes  of  constructive  and  destructive  metabolism 
are  under  the  control  of  separate  nerve-fibres.  In  the  case  of  the  sub- 
maxillary gland  for  example,  if  the  sympathetic  fibres  be  stimulated,  a 
catabolic  efTect  is  produced,  and  the  materials  of  secretion  ai'e  formed  at 
the  expense  of  the  protoplasm  (this  action  in  the  case  of  the  gland 
Heidenhain  calls  frophu);  if  on  the  other  hand  the  chorda  tympani  or 
the  secretory  nerve  be  stimulated,  two  things  happen,  one  being  the 
discharge  of  water  and  the  materials  of  secretion  from  the  gland  cells, 
and  the  other  the  building  op  or  reconstruction  of  the  protoplasm  of  the 
cells,  A  part  of  this  action  at  any  rate  is  anabolic,  and  similar  to  the 
action  of  inhibitory  nerves. 


CHAPTER    XYIL 

THE    SENSES. 

Oeneral  Cojisiderations. — Through  the  medium  of  the  nervouB  srs- 
tern  the  mind  obtains  a  knowledge  of  the  existence  both  of  the  Tarioog 
parts  of  the  body,  and  of  the  external  world.  This  knowledge  is  based 
upon  sensations  resulting  from  the  stimulation  of  certain  centres  in  the 
brain,  by  irritations  conveyed  to  them  by  afferent  nerves.  Under  normal 
circumstances,  the  following  structures  are  necessary  for  sensation:  (a) 
A  peripheral  organ  for  the  reception  of  the  impression ;  (ft)  a  nerve  for 
conducting  it ;  {c)  a  nerve-centre  for  feeling  or  perceiving  it. 

Classification  of  Sensations, — Sensations  may  be  conveniently  clasBed 
as  (1)  common  and  (2)  special. 

(1.)  Common  Sensations. — Under  this  head  fall  all  those  general 
sensations  which  cannot  be  distinctly  localized  in  any  particular  part  of 
the  body,  such  as  fatigue,  discomfort^  faintness^  satiety^  together  with 
hunger  and  thirsty  in  which,  in  addition  to  a  general  discomfort,  there  is 
in  many  persons  a  distinct  sensation  referred  to  the  stomach  or  fauces. 
In  this  class  must  also  be  placed  the  various  irritations  of  the  mucooa 
membrane  of  the  bronchi,  which  give  rise  to  coughing,    and  also  the 
sensations  derived  from  various  viscera  indicating   the   necessity  of  ei- 
pelling  their  contents;  e.g,^  the  desire  to  defaecate,  to  urinate,  and,  in 
the  female,  the  sensations  which  precede  the  expulsion  of  the  fcetDs. 
We  must  also  include  such  sensations  as  itching,   creeping,   tickling, 
tingling,  burning,  aching,  etc.,  some  of  which  come  under  the  head  of 
2)ain:  they  will  be  again  referred  to  in  describing  the  tactile  sense.    It 
is  impossible  to  draw  a  very  clear  line  of  demarcation  between  many  of 
the  common  sensations  above  mentioned,  and  the  sense  of  touch,  which 
forms  the  connecting  link  between  the  general  and  special  sensations. 
Touch  is,  indeed,  usually  classed  with  the  special  senses,  and  will  be 
considered  in  the  same  group  with  them;  yet  it  differs  from   them  in 
being  common  to  many  nerves.     Among  common  sensations  some  wonid 
rank  the  muscular  sense,  which  has  been  already  alluded  to.     It  is  by 
means  of  this  sense  that  we  become  aware  of  the  condition  of  the  mus- 
cles, and  thus  obtain  the  information  necessary  for  their  adjustment  to 
various    purposes — standing,    walking,    grasping,    etc.      This   muscular 
sensibility  (to  which  we  shall  again  refer)  is  shown  in  our  power  to  esti- 
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mate  the  differences  between  weights  by  the  different  muscular  efforts 
necessary  to  raise  them.  It  must  be  carefully  distingtii&hed  from  the 
sense  of  contact  and  of  pressure,  of  which  the  skin  is  the  organ.  When 
Btanding  erect,  we  can  feel  the  ground  (contact),  and  further  there  is  a 
sense  of  pressuroi  due  to  our  feet  being  pressed  against  the  ground  by 
tiie  weight  of  the  body.  Butli  these  are  derived  frooi  the  skin  of  the 
sole  of  the  foot.  If  now  we  raise  the  body  on  the  toes,  we  are  conscious 
(muscular  sense)  of  a  muscular  effort  made  by  the  muscles  of  the  calf, 
which  overcomes  a  certain  resistance. 

(2,)  Special  Sensations. ^ — Including  the  sense  of  touch,  the  special 
senses  are  five  iu  number— Touch,  Taste,  Smell,  Hearing,  Sight. 

The  moat  important  digtinction  betv^^cen  common  and  special  sensa- 
tions is  that  by  the  former  we  are  made  aware  of  certain  conditions  of 
various  parts  of  onr  bodies,  while  from  the  latter  we  gain  our  knowledge 
of  the  external  world  also.  This  difference  will  be  clear  it  we  compare 
the  sensiitions  of  pain  and  touch,  the  former  of  which  is  a  common,  the 
latter  a  special  sensation.  '*  If  we  place  the  eilge  of  a  sharp  knife  on 
the  skin,  we  feel  the  edge  by  nieans  of  onr  sense  of  touch;  we  perceive 
a  sensation,  and  refer  it  Ui  the  object  which  has  caused  it.  But  as  soon 
as  we  cut  the  skin  with  the  knife,  we  feel  pdn,  a  feeling  which  we  no 
longer  refer  to  the  cutting  knife,  but  which  we  feel  within  ourselves, 
and  which  communicates  to  us  the  fact  of  a  change  of  condition  in  our 
own  body.  By  the  sensation  of  pain  we  are  neither  able  to  recognize 
the  object  which  caused  it,  nor  its  nature/' 

In  studying  the  phenomena  of  sensation,  it  is  important  clearly  to 
understand  that  the  sftisorium^  or  seat  of  sensation,  is  in  the  brain,  and 
not  in  the  particuhir  organ  through  which  the  sensory  impression  is  re- 
ceived. In  common  parlance  we  are  said  to  see  with  the  eye,  hear  with 
the  ear,  etc.,  but  in  reality  these  organs  are  only  adapted  to  receive 
impressions  which,  being  conducted  to  the  sensorium,  through  their  re- 
spective nerves  give  rise  to  sensation. 

Hence,  if  the  optic  nerve  is  severed,  vision  is  no  longer  possible: 
since,  although  the  image  falls  on  the  retina  as  before,  the  sensory  im- 
pression can  no  longer  be  conveyed  to  the  sensorium.  When  any  given 
sensation  is  felt,  all  that  we  can  with  certainty  affirm  is  that  some  part 
of  the  brain  is  excited.  The  exciting  cause  may  be  some  object  of  the 
external  world,  producing  an  ohjeciive  senmtion;  or  the  condition  of  the 
sensorium  may  bo  due  to  some  excitement  within  the  brain  itself,  in 
which  case  the  sensation  is  termed  sithjefiive.  The  mind  habitually  re- 
fers sensations  to  external  causes;  and  hence,  whenever  they  are  anhjec- 
tive  we  can  hardly  divest  ourselves  of  the  idea  of  an  external  cause,  and 
an  illusion  is  the  result. 

Numberless  examples  of  such  illusions  might  be  quoted.     As  familiar 
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cases  may  be  mentioned,  humming  and  buzzing  in  the  ears  caosed  by 
some  irritation  of  the  auditory  nerve  or  centre,  and  even  musical  sounds 
and  voices  (sometimes  termed  auditory  specti-a) ;  also  so-called  optical 
illusions:  objects  are  described  as  seen,  although  not  present.  Such 
illusions  are  most  strikingly  exemplified  in  cases  of  delirium  tremens  or 
other  forms  of  delirium,  and  may  take  the  form  of  cats,  rats,  creeping 
loathsome  forms,  etc. 

Causes  of  Illusions. — One  uniform  internal  cause,  which  may  act  on 
all  the  nerves  of  the  senses  in  the  same  manner,  is  capillary  congestion. 
This  one  cause  excites  in  the  retina,  while  the  eyes  are  closed,  the  sensa- 
ions  of  light  and  luminous  flashes;  in  the  auditory  nerve,  the  sensation 
of  humming  and  ringing  sounds;  in  the  olfactory  nerve,  the  sense  of 
odors;  and  in  the  nerves  of  feeling,  the  sensation  of  pain.  In  the  same 
way,  also,  a  narcotic  substance  introduced  into  the  blood,  excites  in  the 
nerves  of  each  sense  peculiar  symptoms:  in  the  optic  nerves,  the  appear- 
ance of  luminous  sparks  before  the  eyes;  in  the  auditory  nerves,  iinnitus 
aurium;  and  in  the  common  sensory  nerves,  the  sensations  of  creeping 
over  the  surface.  So,  also,  among  external  causes,  the  stimulus  of  elec- 
tricity, or  the  mechanical  influence  of  a  blow,  concussion,  or  pressure, 
excites  in  the  eye  the  sensation  of  light  and  colors;  in  the  ear,  a  sense 
of  a  loud  sound  or  of  ringing;  in  the  tongue,  a  saline  or  acid  taste;  and 
in  the  other  parts  of  the  body,  a  perception  of  peculiar  jarring  or  of  the 
mechanical  impression,  or  a  shock  like  it. 

Experiments  seem  to  have  proved,  however,  that  none  of  the  nerves 
of  special  sense  possess  the  faculty  of  common  sensibility. 

Ferceptmis. — The  habit  of  constantly  referring  our  sensations  to  ex- 
ternal causes,  leads  us  to  interpret  the  various  modifications  which 
external  objects  produce  in  our  sensations,  as  properties  of  the  external 
bodies  themselves.  Thus  we  speak  of  certain  substances  as  possessing  a 
disagreeable  taste  and  smell;  whereas,  the  fact  is,  their  taste  and  smell 
are  only  disagreeable  to  us.  It  is  evident,  however,  that  on  this  habit 
of  referring  our  sensations  to  causes  outside  ourselves  (perception),  de- 
pends the  reality  of  the  external  world  to  us;  and  more  especially  is  this 
the  case  with  the  senses  of  touch  and  sight.  By  the  co-operation  of 
these  two  senses,  aided  by  the  others,  we  are  enabled  gradually  to  at- 
tain a  knowledge  of  external  objects  which  daily  experience  confirms, 
until  we  come  to  place  unbounded  confidence  in  what  is  termed  the 
evidence  of  the  senses. 

Judgments. — Wo  must  draw  a  distinction  between  mere  sensations, 
and  the  judgments  based,  often  unconsciously,  upon  them.  Thus,  in 
looking  at  a  near  object,  we  unconsciously  estimate  its  distance  and  say 
it  seems  to  be  ten  or  twelve  feet  off:  but  the  estimate  of  its  distance  is 
in  reality  a  judgment  based  on  many  things  besides  the  appearance  of 
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the  object  itself;  among  which  may  be  mentioneJ  the  naraber  of  iuter- 
reniiig  objects,  the  iiomber  of  steps  which  froiu  post  experience  we 
know  we  must  take  before  we  could  touch  it,  and  many  others. 


I 
I 


The  Si'Ei  ial  Senses. 

L  Touch. 

Ssai. — The  sense  of  touch  is  not  confined  to  particular  parts  of  the 
body  of  small  extent,  like  the  other  senses;  on  the  contrary,  all  parts 
capable  of  ^►erceiving  the  presence  of  a  stimulus  by  ordinary  seuBation 
are,  in  a  certain  degrees,  the  seat  of  this  sense;  but  touch  should  not  be 
considered  as  a  mere  modification  or  exaltation  of  common  sensation  or 
sensibility.  For  although  the  nerves  on  which  the  sense  of  touch  de- 
pends, are  the  same  as  those  which  confer  ordinary  sensation  on  the 
different  parts  of  the  body,  viz.,  those  derived  from  the  posterior  roots 
of  tlie  nerves  of  the  spinal  cord,  and  the  sensory  cerebral  nerves,  yet  it 
seems  probable  that  the  nerve-fibres  which  subserve  the  special  sense  of 
touch  are  provided  with  sjiecial  end  organs. 

All  parts  of  the  body  supplied  with  sensory  nerves  are  thus,  in  some 
degree,  orgims  of  touch,  yet  the  sense  is  exercised  in  perfection  only  in 
those  parts  the  sensibility  of  which  is  extreraely  delicate,  f.</,,  the  skin, 
the  tongue,  and  the  lips,  which  are  provided  with  abundant  papillie. 
A  peculiar  and,  of  its  own  kind  in  each  cjise,  a  very  acute  sense  of  touch 
is  exercised  through  the  medium  of  the  nails  and  teeth.  To  a  less  extent 
the  hair  may  be  reckoned  an  organ  of  touch;  as  in  the  case  of  the  eye- 
lashes. The  sense  ol  touch  renders  ns  conscious  of  the  presence  of  a 
stimulus,  from  the  elightest  to  the  most  intense  degree  of  its  action,  by 
that  indescribable  something  which  we  call  feeling,  or  common  sensa- 
tion. The  modifications  of  this  sense  often  depend  on  the  extent  of  the 
parte  affected.  The  sensation  of  pricking,  for  example,  informs  us  that 
the  sensitive  fibres  are  intensely  affected  in  a  small  extent;  the  sensation 
of  pressure  indicates  a  slighter  affection  of  the  parts  in  the  greater  ex- 
tent, and  to  a  greater  depth.  It  is  by  the  depth  to  which  the  parts  are 
affected  that  the  feeling  of  pressure  is  distinguished  from  that  of  mere 
contact. 

VaneiieJi,—(a)  The  sense  of  touch  proper,  tactile  sensibility  or  pres^ 
sure,  (b)  temperature.  These  when  carried  beyond  a  certain  degree  are 
merged  in  the  sensation  of  (e)  pain. 

Touch  proper.-^In  almost  all  parts  of  the  body  which  have  deli* 
C4ite  tactile  sensibility  the  epidermis,  immediately  over  the  papillae,  is 
moderately  thin.  When  its  thickness  is  much  increased,  as  over  the 
heel,  the  sense  of  touch  is  very  much  dulled.  On  the  other  hand,  when 
it  is  altogether  removed,  and  the  cutis  laid  bare,  the  sensation  of  con- 
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tact  is  replaced  by  one  of  paio.  Further,  in  all  highly  sensitive  part^, 
the  papilke  are  numerous  and  highly  vaacuhir,  aod  the  sensory  nerra 
are  connected  with  special  end-organs  which  have  been  described  p.  97 
ei  seq. 

The  special  endings  of  the  nerves  which  have  to  do  with  touch  may, 
however,  be  here  a^rain  mentioned.  They  are  of  two  kinds,  ri%.,  (i) 
touch  rorpif^chif,  which  are  found  chiefly  in  the  hands  and  feet,  particu- 
larly on  the  palmar  surface  of  the  hands  and  lingers^  but  also  on  tbe 
under  surface  of  the  forearm,  nipple,  eyelids,  lips,  and  genital  orgmiB. 
Touch  corpusclod  are  situated  in  the  cutis  vera,  (b)  end  bulbs^  which 
are  found  in  conjunetivti3  and  other  mucous  membranes,  the  liim,  genital 
organs,  tongue,  rectum,  and  elsewhere,  but  not  in  the  skin  proper,  Ai 
regards  the  Pacinian  corpuscles  and  similar  end-organs,  which  are  m 
widely  distributed,  and  which  niav  be  in  some  wav  connected  with  tW 
sensjition,  when  they  are  found  in  the  akin  they  are  situated  very  deep 
in  the  cutis  vera  or  in  the  snbeutaneous  tissue.  They  are  extreme^ 
numerous  on  the  nerves  of  the  palnuir  surface  of  the  fingers.  In  all  i 
these  endings,  and  in  similar  ones  found  in  other  animals,  the  nerrt 
ends,  as  in  axis  cylinder,  in  a  8i>ecial  development  of  the  connectiTe  tij- 
sue  sheath.  In  addition  to  these  special  nerve-endings,  nerre-fibra 
appear  to  terminate  everywhere  in  the  skin  between  the  cells  of  tli^ 
Malpighian  stratum  of  the  epiderniis  in  the  ends,  and  in  certain  animali 
some  of  them  ajDpear  to  end  in  sxiecial  and  rather  large  cells. 

It  is  practically  impossible  to  distinguish  between  what  is  ralleci 
mere  contact  and  touch  in  which  the  element  of  pressure  comes  in. 
The  acutenoss  of  the  sense  of  toiid'h  depends  very  largely  on  the  cutane- 
ous circulation,  which  is  of  course  largely  influenced  by  external  temper- 
ature. Hence  the  numbness,  familiar  to  every  one,  produced  by  tlie 
application  of  cold  to  the  skin. 

Aeuteness  of  the  Seiine, — The   perfection  of  the  sense  of  touch  on 
different  parts  of  the  surface  is  proportioned  to  the  power  which  such 
parts  possess  of  distinguishing  and  isolating  the  sensations   produced  bj 
two  points  placed  close  together.     This  power  depends,  at  least  in  part, 
on  the  number  of  primitive  nerve-flbres  distributed  to  the  part;  for  the 
fewer  the  primitive  fibres  which  an  organ  receives,  the  more  likely  is  it 
that  several  impressions  on  different  contiguous  points  will  act  on  only 
one  nervous  fibre,  and  hence  be  confounded,  and  perhaps  produce  but 
one  sensation.     Experiments  have  been  made  to  determine  the  tactile      i 
properties  of  different  parts  of  the  skin,  as  measured  by  this  power  of  ■ 
distinguishing  distances.     These  consist  in  touching  the  akin,  while  the      ' 
eyes  are  closed,  with  the  points  of  a  pair  of  compasses  sheathed  with 
cork,  and  in  ascertaining  how  close  the  points  of  compasses  might  be 
brought  to  each  other,  and  still  be  felt  as  two  bodies. 
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Table  of  variations  in  the  tactile  sensibility  of  the  diSereiit  parts.— 77/^'  mea- 
mrement  indmite.H  thr  least  diMttiiice  at   whwh   the  fivo  blmiteff  j}oints  of  a 
K         pair  of  compasses  coxdd  be  separately  distinguished,     (E.  H.  Weber) 

"  Tip  of  tongue      ....,..,,  ^ij  inch  1  mm. 

Palmar  surface  of  third  phalanx  of  forefin>;cer     .         .  iV  **  ^  ** 

Palmar  surface  of  sefoud  phalanges  of  fingers         .         .  J  **  4  " 

Red  sui-face  of  usder-lip        ......  t  "  4  " 

Tip  of  nt»se  .,..,,,..  |  "  0  •* 

Middle  of  dorsum  of  timgue 1  **  8  " 

Palm  of  hand *         •  A  "  '^  ** 

B  Centre  of  hard  palate i  **  12  " 

Dorsal  Burfare  of  lirst  phalanges  of  fingera  .  A  "  14  " 

Back  of  hand  if**  25" 

Dorsum  of  focit  near  toes 11  **  87  ** 

Gluteal  region  .,,,,.,.  U  **  87  "^ 

Sacral  region       . .  U  **  37  " 

Upper  and  U>wer  parts  of  forearm  .         .         .         .  li  **  87  •* 

Back  ofneok  neartH'cimit 2  "  RO  •* 

Upper  dorsiil  and  mid- lumbar  regions  ....  2  **  50  ** 

tMiddle  i>art  of  forearm       .....  3^  ^^  63  ** 

idle  of  tliisb 2i  "  62  - 

Mid -cervical  region ^  **  62  " 

Mid  dorsal  region ^  *"  62  ** 

B  Moreover,  in  the  ca»e  of  the  limbs,  it  wag  found  that  before  they 
were  reoogiiized  as  two,  the  points  of  the  compasses  had  to  he  fur  titer 
separated  when  the  line  Joining  them  was  in  the  long  axis  of  the  limb, 
than  when  in  the  transverse  direction. 

I  According  to  Weber  the  mind  estimates  the  distance  lietween  two 
points  hy  the  number  of  unexcited  nerve-endings  which  intervene  be- 
tween the  two  points  touched.  It  would  appear  that  a  certain  number 
of  intervening  unexcited  nerve-endings  are  necessary  before  two  points 
touched  can  be  recognized  as  separate,  and  the  greater  this  number  the 
more  clearly  are  the  points  of  contact  distinguished  as  separate.  By 
practice  the  delicacy  of  a  sense  of  touch  nuiy  be  very  much  increased, 
A  familiar  illustration  occurs  in  the  case  of  the  blind,  who,  by  constant 
practice,  c^n  acquire  the  power  of  reading  raised  letters  the  forma  of 
which  arc  almost  if  not  quite  undistinguishable  by  the  sense  of  touch  to 
an  ordinary  person, 

LoafJizaiion, — The  power  of  correctly  localiasing  sensations  of  touch 
18  gradually  derived  from  experience.  Thus  infants  when  in  pain  eim- 
ply  cry,  but  make  no  et!ort  to  remove  the  cause  of  irritation,  as  an  older 
child  or  adult  w^ould,  doubtless  ou  account  of  their  imperfect  knowledge 
of  its  exact  situation. 

Iflus^iom.—The  different  degrees  of  sensitiveness  possessed  by  diCfer- 
ent  parts  may  giTc  rise  to  errors  of  judgment  in  estimating  the  distance 
betW'Cen  two  points  where  the  skin  is  touched.  Thus,  If  blunted  points 
of  a  pair  of  compasses  (maintained  at  a  constant  distance  apart)  be 
slowly  drawn  over  the  skin  of  the  cheek  toward  the  lips,  it  Is  almost  im- 
possible to  resist  the  conclusion  that  the  distance  between  the  points  ig 
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gradually  increasing.     When  they  reach  the  lips  they  seem  to  be  consid- 
erably further  apart  than  on  the  cheek.     Thus,  too,  our  estimate  of  the 
size  of  a  cavity  in  a  tooth  is  usually  exaggerated  when  based  upon  sensa- 
tion derived  from  the  tongue  alone.     Another  curious  illusion  may  here 
be  mentioned.     If  we  close  the  eyes,  and  place  a  small  marble  or  pea 
between  the  crossed  fore  and  middle  fingers,  we  seem  to  be  touching  two 
marbles.     This  illusion  is  due  to  an  error  of  judgment.     The  marble  is 
touched  by  two  surfaces  which,  under  ordinary  circumstances,  could 
only  be  touched  by  two  separate  marbles,  hence  the  mind,  taking  no 
cognizance  of  the  fact  that  the  fingers  are  crossed,  forms  the  conclusion 
that  two  sensations  are  due  to  two  marbles. 

Temperature. — The  whole  surface  of  the  body  is  more  or  less  sen- 
sitive to  differences  of  temperature.  The  sensation  of  heat  is  distinct 
from  that  of  touch :  and  it  would  seem  reasonable  to  suppose  that  there 
are  special  nerves  and  nerve-endings  for  temperature.  At  any  rate  the 
power  of  discriminating  temperature  may  remain  unimpaired  when  the 
sense  of  touch  is  temporarily  in  abeyance.  Thus  if  the  ulnar  nerve  be 
compressed  at  the  elbow  till  the  sense  of  touch  is  very  much  dulled  m 
the  fingers  which  it  supplies,  the  sense  of  temperature  remains  quite 
unaffected. 

The  sensations  of  heat  and  cold  are  often  exceedingly  fallacious,  and 
in  many  cases  are  no  guide  at  all  to  the  absolute  temperature  as  indi- 
cated by  a  thermometer.  All  that  we  can  with  safety  infer  from  our 
sensations  of  temperature,  is  that  a  given  object  is  warmer  or  cooler 
than  the  skin.  Thus  the  temperature  of  our  skin  is  the  standard;  and 
as  this  varies  from  hour  to  hour  according  to  the  activity  of  the  cutane- 
ous circulation,  our  estimate  of  the  absolute  temperature  of  any  body 
must  necessarily  vary  too.  If  we  put  the  left  hand  into  water  at  5^  C. 
(40°  F.)  and  the  right  into  water  at  45°  C.  (110°  R),  and  then  immerse 
both  in  water  at  27°  C.  (80°  F.),  it  will  feel  warm  to  the  left  hand  but 
cool  to  the  right.  Again,  a  piece  of  metal  which  has  really  the  same 
temperature  as  a  given  piece  of  wood  will  feel  much  colder,  since  it  con- 
ducts away  the  heat  much  more  rapidly.  For  the  same  reason  air  in 
motion  feels  very  much  cooler  than  air  of  the  same  temperature  at  rest. 
•  In  some  cases  we  are  able  to  form  a  fairly  accurate  estimate  of  abso- 
lute temperature.  Thus,  by  plunging  the  elbow  into  a  bath,  a  practised 
bath-attendant  can  tell  the  temperature  sometimes  within  half  a  degree 
centigrade. 

The  temperatures  which  can  be  readily  discriminated  are  between 
10°-45°  C.  (50°-115°  F.);  very  low  and  very  high  temperatures  alike 
produce  a  burning  sensation.  A  temperature  appears  higher  according 
to  the  extent  of  cutaneous  surface  exposed  to  it.  Thus,  water  of  a  tem- 
perature which  can  be  readily  borne  by  the  hand,  is  quite  intolerable  if 
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Hhe  whole  body  he  immersetL     So,  too,  water  appears  miicb  hotter  to 
phe  \mnd  than  to  a  single  finger* 

I       The  delicacy  of  the  sense  of  temperature  coincides  in  the  main  with 
Ithat  of  touch,  and  appears  to  depend  largely  on  the  thickness  of  the 
hkin;  hence,  in  the  elbow,  where  the  skin  is  thin,  the  sense  of  tempera- 
Kure  is  delicate,  though  that  of  touch  is  not  remarkably  so.     Weber  has 
further  ascertained  the  following  facts:  two  compass  points  so  near  to- 
gether on  the  skin  that  they  produce  bat  a  single  impression,  at  once 
give  rise  to  two  sensations,  when  one  is  hotter  than  the  other.     More- 
>ver,  of  two  bodies  of  equal  weight,  that  which  is  the  colder  feels  heavier 
than  the  other. 

As  every  sensation  is  attended  with  an  idea,  and  leaves  behind  it  an 

idea  in  the  mind  which  can  Ijc  reproduced  at  will,  we  are  enabled  to  com- 

jare  tlie  idea  of  a  ptist  sensation  with  another  sensation  really  present. 

Thus  we  can  compare  the  weight  of  one  body  with  another  which  we 

liad  previously  feU,  of  which  the  idea  is  retained  in  our  mind.     Welder 

I  was  indeed  able  to  distinguish  in  this  manner  between  tcmperaturesj 
experienced  one  after  the  other ^  better  than  between  temperatures  to 
which  the  two  hands  were  simultaneously  snbjected.  This  power  of 
comparing  j-ireaent  with  past  sensations  diminishes,  however,  in  propor- 
tioD  to  the  time  which  has  elapsed  between  them.  After-sensdtitm^  left 
by  impressions  on  nerves  of  common  sensibility  or  touch  are  very  vivid 
^^nd  durable.  As  long  as  the  condition  into  which  the  stimulus  has 
^Rhrown  the  organ  endures^  the  sensation  also  remains,  though  the  excit- 
^pug  cause  should  have  long  ceased  to  act.  Both  painful  and  pleasurable 
Htensations  a^ord  many  examples  of  this  fact. 

H       Stfh^jerfire  semntions^  or  sensations  dependent  on  internal  causes,  are 
in  no  sense  more  freqiient  than  in  the  sense  of  touch.     All  the  sensations 
of  pleasure  and  pain,  of  beat  and  cold,  of  lightness  and  weight,  of  fa- 
tigue, etc,,  may  be  produced  by  internal  causes.     Neuralgic  pains,  the 
^sensation  of  rigor,  formication  or  the  creeping  of  ants,  and  the  states  of 
™the  sexual  organs  occurring  during  sleep,  afford  striking  examples  of 
subjective  sensations.     The  mind  has  a  remarkable  power  of  exciting 
sensations  in  the  nerves  of  common  sensibility:  Just  as  the  thought  of 
the  nauseous  excites  sometimes  the  sensation  of  nausea,  so  the  idea  of 
Bpain  gives  rise  to  the  actual  sensation  of  pain  in  a  part  predisposed  to 
~  it;  numerous  examples  of  this  influence  might  be  quoted. 

»Paiii, — As  regards  painful  sensations,  three  views  can  be  taken:  1, 
that  it  is  a  special  sensation  provided  with  a  special  conducting  apparatus 
in  each  part  of  the  body;  2,  that  it  is  produced  by  an  over-stimulation 
of  the  special  nerves  concerned  with  touch  or  temperature,  or  of  the 
other  nerves  of  special  sense;  or  3,  that  it  is  an  over-stimulation  of  the 
B  nerves  of  common  sensation,  which  tell  us  of  the  condition  of  our  own 
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bodies,  both  of  the  surface  and  also  of  the  internal  organs.     There 
seems  to  be  much  in  favor  of  all  of  these  views.     It  is,  however,  certwn 
that  even  if  any  variety  of  pain  be  a  special  sensation,  some  kind  of 
pain  may  be  produced  by  stimulation  of  the  bare  sensory  nerves  apvt 
from  any  special  form  of  nerve  termination.     It  is  said  that  the  nm 
difference  between  the  common  sensation  which  tells  us  of  the  condition 
of  all  parts  of  the  body  and  of  which  thirst  and  hunger  are  but  exam- 
ples, the  one  informing  us  of  the  condition  of  the  palate  and  the  otha 
of  the  state  of  our  stomach,  and  the  special  sense  of  touch  and  tempera- 
ture, is  that  the  latter  are  provided  with  special  apparatus.     By  meuu 
of  this  apparatus  we  are  able  to  localize  the  sensation  from  which  it  is 
possible  to  form  judgments.     Such  a  special  apparatus  is  evidently  not 
absolutely  essential  for  the  sensation  of  pain,  but  this  does  not  exclude 
the  idea  that  pain  may  result  from  over-stimulation  of  a  nerve  of  speciil 
sense  or  of  its  termination. 

The  Muscular  Sense.— The  estimate  of  a  weight  is  usually  baeed 
on  two  sensations:  1,  of  pressure  on  the  skin,  and  2,  the  muscular  sense. 

The  estimate  of  weight  derived  from  a  combination  of  these  two 
sensations  (as  in  lifting  a  weight)  is  more  accurate  than  that  derired 
from  the  former  alone  (as  when  a  weight  is  laid  on  the  hand) ;  thus 
Weber  found  that  by  the  former  method  he  could  generally  distinguish 
19^  oz.  from  20  oz.,  but  not  19 J  oz.  from  20,  while  by  the  latter  he  coald 
at  most  only  distinguish  14^  oz.  from  15  oz. 

It  is  not  the  absolute,  but  the  relative,  amount  of  the  difference  of 
weight  which  we  have  thus  the  faculty  of  perceiving. 

It  is  not,  however,  certain,  that  our  idea  of  the  amount  of  muscular 
force  used  is  derived  solely  from  the  muscular  sense.  We  have  the 
power  of  estimating  very  accurately  beforehand,  and  of  regulating,  the 
amount  of  nervous  influence  necessary  for  the  production  of  a  certain 
degree  of  movement.  When  we  raise  a  vessel,  with  the  contents  of 
which  we  are  not  acquainted,  the  force  we  employ  is  determined  by  the 
idea  we  have  conceived  of  its  weight.  If  it  should  happen  to  contain 
some  very  heavy  substance,  as  quicksilver,  we  shall  probably  let  it  fall; 
the  amount  of  muscular  action,  or  of  nervous  energy,  which  we  had 
exerted  being  insufficient.  The  same  thing  occurs  sometimes  to  a  person 
descending  stairs  in  the  dark ;  he  makes  the  movement  for  the  descent 
of  a  step  which  does  not  exist.  It  is  possible  that  in  the  same  wav  the 
idea  of  weight  and  pressure  in  raising  bodies,  or  in  resisting  forces,  mar 
in  part  arise  from  a  consciousness  of  the  amount  of  nervous  energy 
transmitted  from  the  brain  rather  than  from  a  sensation  in  the  mnsclee 
themselves.  The  mental  conviction  of  the  inability  longer  to  supports 
weight  must  also  be  distinguished  from  the  actual  sensation  of  fatigue 
in  the  muscles. 
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So,  with  regard  to  the  ideas  derived  from  sensations  of  touch  com- 
bined with  movements,  it  is  doubtful  how  far  the  consciousness  of  the 
extent  of  muscular  movement  is  obtained  from  sensations  in  the  muscles 
themselves.  The  sensation  of  movement  attending  the  motions  of  the 
hand  ia  very  slight;  and  persons  who  do  not  know  that  the  action  of 
particular  muscles  is  necessary  for  the  production  of  given  roovenients, 
do  not  suspect  that  the  movement  of  the  fingers,  for  example,  depends 
on  an  action  in  the  forearm.  The  mind  has,  nevertheless,  a  very  definite 
knowledge  of  the  changes  of  position  produced  by  movements;  and  it 
is  on  this  that  the  ideas  which  it  conceives  of  the  extension  and  form  of 
a  body  are  in  great  measure  founded. 

There  is  no  marked  development  of  common  sensibility  to  be  made 
out  in  muscles:  they  may  be  cut  without  the  production  of  pain.  On  the 
other  hand,  there  is  no  doubt  that  afferent  impulses  must  pass  upward 
from  muscles  and  tendons  acquainting  the  brain  with  their  condition. 
This,  then,  must  be  a  special  sense*  It  has  been  suggested  that  the  minute 
end'hulhs  of  Golgi  found  in  tendons,  and  that  the  Pacinian  corpuscles  in 
the  neighlH)rhood  of  joints,  are  the  terminal  organs  of  this  special  sense* 

Judgment  of  the  Form  and  SizG  of  Bodies.— By  the  sense  of  touch  the 
mind  is  mtide  acquainted  with  the  size,  form,  and  other  external  char- 
acters of  hodies.  And  in  order  that  these  characters  may  be  easily 
ascertained,  the  sense  of  touch  is  especially  developed  in  those  parts 
which  can  be  readily  moyed  over  the  surface  of  bodies.  Touch,  in  its 
more  limited  sense,  or  the  act  of  examining  a  body  by  the  toucli,  consists 
merely  in  a  voluntary  employment  of  this  sense  combined  with  move- 
ment, and  stands  in  the  same  relation  to  the  sense  of  touch,  or  common 
sensibility,  generally,  aa  the  act  of  seeking,  following,  or  examining 
odors,  does  to  the  sense  of  smell.  The  hand  is  the  best  adapted  for  it, 
by  reason  of  its  peculiarities  of  structure, — namely,  its  capability  of 
pronation  and  supination,  which  enables  it,  by  the  movement  of  rota- 
tion, to  examine  the  whole  circumference  of  the  body;  the  power  it 
possesses  of  opposing  the  thumb  to  the  rest  of  the  hand,  and  the  relative 
mobility  of  the  fingers;  and  lastly  from  the  abundance  of  the  sensory 
terminal  organs  which  it  possesses.  In  forming  a  conception  of  the 
figure  and  extent  of  a  surface,  the  mind  multiplies  the  size  of  the  hand 
or  fingers  used  in  the  inquiry  by  the  number  of  times  which  it  is  con- 
tained in  the  surface  traversed;  and  by  repeating  this  process  with 
regard  to  the  different  dimensions  of  a  solid  body,  acquires  a  notion  of 
its  cubical  extent,  but,  of  course,  only  an  imperfect  notion,  as  other 
senses,  <?.^. ,  the  sight,  are  required  to  make  it  complete. 

It  is  impossible  in  this  consideration  to  say  how  much  of  our  knowl- 
edge of  the  thing  touched  depends  upon  pressure  and  how  much  upon 
the  muscular  sense. 
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II.  Taste. 


Conditions  ^lecessary, — The  conditions  for  the  perceptions  of  taete 
are: — 1,  the  presence  of  a  nerve  and  nerve-centre  with  special  endow- 
ments; 2,  the  excitation  of  the  nerve  by  the  sapid  matters,  which  for 
this  purpose  must  be  in  a  state  of  solution;  3,  &  temperature  of  about  37' 
to  40°  C.  (98°  to  100°  F.).     The  nerves  concerned  in  the  production  of 
the  sense  of  taste  have  been  already  considered  (p.  302  et  seg. )     The  mode 
of  action  of  the  substances  which  excite  taste  consists  in  the  production 
of  a  change  in  the  condition  of  the  gustatory  nerves,  and  the  conduction 
of  the  stimulus  thus  produced  to  the  nerve-centre ;  and,  according  to 
the  difference  of  the  susbtances,  an  infinite  variety  of  changes  of  condi- 
tion of  the  nerves,  and  consequently  of  stimulations  of  the  gustator? 
centre,  may  be  induced.     The  matters  to  be  tasted  must  either  be  in 
solution  or  be  soluble  in  the  moisture  covering  the  tongue ;  hence  insoln- 
ble  substances  are  usually  tasteless,  and  produce  merely  sensations  of 
touch.     Moreover,  for  the  perfect  action  of  a  sapid,  as  of  an  odorous  suh- 
stance,  it  is  necessary  that  the  sentient  surface  should  be  moist.     Hence, 
when  the  tongue  and  fauces  are  dry,  sapid  substances,  even  in  solution, 
are  with  difficulty  tasted. 

The  nerves  of  taste,  like  the  nerves  of  other  special  senses,  may  have  their 
peculiar  properties  excited  by  various  other  kinds  of  irritation,  such  as  elec- 
tricity and  mechanical  impressions.  Thus,  a  small  current  of  air  directed 
upon  the  tongue  gives  rise  to  a  cool  saline  taste,  like  that  of  saltpetre :  and  a 
distinct  sensation  of  taste  similar  to  that  caused  by  electricity,  may  be  pro- 
duced by  a  smart  tap  applied  to  the  papillae  of  the  tongue.  Moreover,  the 
mechanical  irritation  of  the  fauces  and  palate  produces  the  sensation  of  nausea, 
which  is  probably  only  a  modification  of  taste. 

Seat. — The  principal  seat  (apparent  seat,  that  is,  to  our  senses)  of 
the  sense  of  taste  is  the  tongue.  But  the  result  of  experiments  as  well 
as  ordinary  experience  show  that  the  soft  palate  and  its  arches,  the  uvula, 
tonsils,  and  probably  the  upper  part  of  the  pharynx,  are  also  endowed 
with  taste.  These  parts,  together  with  the  base  and  posterior  parts  of 
the  tongue,  are  supplied  with  branches  of  the  glosso-pharyngeal  nerve, 
and  evidence  has  been  already  adduced  that  the  sense  of  taste  is  conferred 
upon  them  by  this  nerve.  In  most,  though  not  in  all  persons,  the  an- 
terior parts  of  the  tongue,  especially  the  edges  and  tip,  are  endowed 
with  the  sense  of  taste.  The  middle  of  the  dorsum  is  only  feeblv  en- 
dowed with  this  sense,  probably  because  of  the  density  and  thickness  of 
the  epithelium  coveriug  the  filiform  papillae  of  this  part  of  the  tongue, 
which  will  prevent  the  sapid  substances  from  penetrating  to  their  sensi- 
tive parts. 

Other  Functions, — Beside  the  sense  of  taste,  the   tongue,  by  means 
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[.also  of  its  papilla,  is  endued  ('^)  especially  at  its  side  and  tip,  with  a  very 

Idelicate  and  accurate  sense  of  touch,  which  renders  it  sensible  of  the 

'  impressions  of  heat  and  cold,  pain  and  mechanical  pressnre,  and  conse- 
quently of  the  form  of  surfaces.     The  tongue  may  lose  its  common  sen- 

I^Bibility,  and  still  retain  the  sense  of  taste,  and  vice  versd.     This  fact 
adders  it  probable  that,  although  the  senses  of  taste  and  of  touch  may 

|b©  exercised  hy  the  same  papillae  supplied  by  the  same  nerves,  yet  the 
lervoua  conductors  for  thes^  two  different  sensations  are  distinct,  just 
the  nerves  for  smell  and  common  sensibility  in  the  nostrils  are  dis- 

Itinct;  and  it  is  quite  conceivable  that  the  sanio  nervous  trunk  may  eon- 

]  tain  fibres  differing  essentially  in  their  specific  properties.  Facts  already 
detailed  seem  to  prove  that  the  lingual  branch  of  the  fifth  nerve  is  the 
conductor  of  sensations  of  taste  in  tlie  anterior  part  of  the  tongue;  and 

I  it  is  also  certain,  from  the  marked  manifestations  of  pain  4x)  which  its 
division  in  animals  gives  rise,  that  it  is  likewise  a  nerve  of  common  sen- 
sibility.     The  glosBo-pharyngeal  also  seems  to  contain  fibres  both  of 

\  common  sensation  and  of  the  special  sense  of  taste. 

The  functions  of  the  tongue  in  connection  with  (3)  speech,  (4)  mas- 
tication, (5)  deglutition,  (*j)  suction^  have  boon  referred  to  in  other 
chapters, 

Ta:ile  and  Sme//:  Perctptk/tta, — Tlie  concurrence  of  common  and  two 
kinds  of  special  sensibility,  V.p.,  touch  und  taste  in  the  same  part,  makes 
it  sometimes  difficult  to  determine  whether  the  impression  produced  by 
k substance  is  perceived  through  the  ordinary  sensitive  fibres,  or  through 

I  tlioae  of  the  sense  of  tiiste.  In  many  cases,  indeed,  it  is  probable  that 
both  seta  of  nerve-fibres  are  concerned,  as  when  irritating  acrid  substances 
are  introduced  into  the  mouth. 

Much  of  the  perfection  of  the  sense  of  taste  ia  often  due  to  the  sapid 
^ubstiincea  being  also  odorous,  and  exciting  the  simultaneous  action  of 
the  sense  of  smelL  This  is  shown  by  the  imperfection  of  the  taste  of 
such  substances  when  their  action  on  the  olfactory  nerves  is  prevented 
by  closing  the  nostrils.     Many  fine  wines  lose  much  of  their  apparent 

,  excellence  if  the  nostrils  are  held  close  while  they  are  drunk, 

VarwHi'r^i  of  Tai^te^, — Among  the  most  clearly  defined  tastes  are  the 
^weei  and  bititr  (which  are  more  or  less  opposed  to  each  other),  the  acid^ 
alkali m\  saH^  and  metallic  tastes.  Acid  and  alkaline  taste  may  be  ex- 
cited by  electricity.  If  a  piece  of  zinc  be  placed  beneath  and  a  piece  of 
copper  above  the  tongue,  and  their  ends  brought  into  contact,  an  acid 
taste  (due  to  the  feeble  galvanic  current)  is  produced.  The  delicacy  of 
the  sense  of  taste  is  sufficient  to  discern  1  part  of  sulphuric  acid  in  1000 
of  water;  but  it  is  far  surpassed  in  acuteness  by  the  sense  of  smell.  Ex- 
periments have  shown  that  it  is  possible  to  entirely  do  away  with  the 
power  of  tasting  bitters  and  sweets  while  the  taste  for  acids  and  salts 
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remains*      This  is  done  by  chewing  the  leaves  of    an    iBdian  plant     | 
(Oymnema  sylvestre).     It  has  also  been  shown  that  the  power  of  taating 
sweet  substances  disappears  before  that  of  tasting  bitter*     Other  experi- 
menta   have  shown  that  the  apparatus  for  salt  and  for  acid  tastes  dre 
distinct*     It  is  also  demonstrable  that  bitters  are  most  appreciated  at  the 
back  and  sweets  at  the  tip  of  the  tongue,  that  salts  are  also  most  potent  at 
the  tip^  and  acids  at  the  sidea  of  the  tongua     All  these  tastes  then,  are 
almost  certainly  provided  with  a  distinct  apparatus.      It  is  clear  there- 
fore that  the  taste  buds  cannot  be  the  only  terminal  organs  for  the  mm 
of  taste,  il  from  no  other  reason,  at  any  rate  from  their  exceedinglj 
limited  distribution  in  the  human  tongue. 

Although  the  taste  apparatus  is  bilateral  the  sensation  or  perceptimi 
is  single,  and  in  this  respect  taste  resembles  mi  on. 

After-tmU, — Very  distinct  sensations  of  taste  are  frequently  left  after 
the  substances  which  excited  t!iem  have  ceased  to  act  on  the  nerve;  mA 
snch  sensations  often  endure  for  a  long  time,  and  ^modify  the  ta^te  of 
other  substances  applied  to  the  tongue  afterward-  Thus,  the  taste  of 
sweet  substances  spoils  the  flavor  of  w^ine,  the  taste  of  cheese  improves  it 
There  appears,  therefore,  to  exist  the  same  relation  between  tastes  s 
between  colors,  of  which  those  that  are  opposed  or  com  piemen  tarrreatfer 
each  other  more  vivid,  though  no  general  principles  governing  this  rcU- 
tion  have  been  discovered  in  the  cjiso  of  tastes*  In  the  art  of  cookiii^', 
however,  attention  has  at  all  times  been  paid  to  the  conjsonance  or  har- 
mony of  flavors  in  their  combination  or  order  of  sucoession,  just  m  in 
painting  and  muaic  the  fundamental  principles  of  harmony  have  becin, 
employed  empirically  wdiile  the  theoretical  laws  were  unknown.  fl 

Frequent  and  continued  repetitions  of  the  same  taste  render  the  per^ 
ception  of  it  less  and  less  distinct,  in  the  same  way  that  a  color  beeonjes 
more  and  more  dull  and  indistinct  the  longer  the  eye  is  fixed  upon  it 
Thus,  after  frequently  tasting  first  one  and  then  the  other  of  two  kinds 
of  wine,  it  becomes  impossible  to  discriminate  between  them. 

The  simple  contact  of  a  sapid  substance  with  the  surface  of  the 
gustatory  organ  seldom  gives  rise  to  a  distinct  sensation  of  taste;  itneedi 
to  be  diffused  over  the  surface,  and  brought  into  intimate  contact  with 
the  sensitive  parts  by  compression,  friction,  and  motion  between  the 
tongue  and  palate. 

Subjective  Senmiions  of  Taste. — The  sense  of  taste  seems  capable  of 
being  excited  only  by  external  causes,  such  as  changes  in  the  conditions 
of  the  nerves  or  nerve-centres,  produced  by  congestion  or  other  cansea, 
which  excite  Bubjective  sensations  in  the  other  organs  of  sense.  Bet 
little  is  known  of  the  subjective  sensations  of  taste;  for  it  is  difficolt  ta 
distinguish  the  phenomena  from  the  effects  of  external  causes,  such  as 
changes  in  the  nature  of  the  secretions  of  the  mouth. 
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IIL  Smell. 

CondUiom  necessary, — ^(1.)  The  first  conditions  essential  to  the  sense 

l>f  smell  are  a  special  nertw  and  nerv&-temiinaiions  in  the  form  of  special 

ells,  the  changes  in  whose  condition  stimulate  a  special  nerye-centre, 

ind  are  perceived  in  sensations  of  odor,  for  no  other  nervous  structure 

capable  of  these  sensations,  even  though  acted  on  by  the  same  causes. 

The  same  substance  which  excites  the  sensation  of  smell  in  the  olfac- 

Dry  centre  may  cause  another  peculiar  fiensatioo  through  the  nerves  of 

ate,  and  may  produce  an  irritating  and  burning  sensation  on  the  nerves 

jf  touch;  but  the  sensation  of  odor  is  yet  separate  and  distinct  from 

Ihese,  thougli  it  maybe  simultaneously  perceived.     (2.)  The  material 

of  odors  are,  usually,  in  the  case  of  animals  living  in  the  air, 


Fig.  891.— Xerre^  of  the  sepruin  no-^i,  ae^n  fnjiii  the  riEht  side.  %.—l^  the  olfiictory  bulb; 
,  the  olfAOtonr  nerves  {Musing  through  the  foramiuit  of  tlit*  cribriform  plate,  and  deeoeDciitiR  to 
T  distrlbated  im  tlie  «ef»tum;  ti,  the  iT>t*^mal  or  »optal  twi^  of  the  iiaaal  branch  of  the  ophtlAl- 
' :  nerrv;  a«  iuuK>>pftl«Uiie  nerreB.     CFrotn  Bappey,  after  UiJiw^hfetd  and  Li*veUl<^.> 

Hther  solids  suspended  in  a  state  of  extremely  fine  division  in  the  atmos- 
phere; or  gaseous  exhalations  often  of  so  subtle  a  nature  that  they  can 

|t>e  detected  by  no  other  reagent  than  the  sense  of  smell  itself.  The 
matters  of  odor  must,  in  all  cases,  be  dissolved  in  the  mucus  of  the 
lucous  membrane  before  they  can  be  immediately  applied  to,  or  affect 

Ithe  olfactory  nerves;  therefore  a  further  condition  necessary  for  the 
perception  of  odors  is,  that  the  mucous  membrane  of  the  nasal  cavity 

[be  moist     When  the  Schneiderian  membrane  is  dry,  the  sense  of  smell 

lis  impaired  or  lost;  in  the  first  stage  of  catarrh,  when  the  secretion  of 
mucus  within  the  nostrils  is  lessened,  the  faculty  of  perceiving  odor  is 

I  either  lost,  or  rendered  very  imperfect,  (3.)  In  animals  living  in  the 
ftir,  it  is  also  requisite  that  the  odorous  matter  should  be  transmitted  in 
a  current  through  the  nostrils*     This  is  effected  bv  an  inspiratory  move* 
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-Section  through  With  sobaceous  glands; 

the  olLra4.tf»ry  nmcoiis  mmti- 
braao  of  thoi  niiw-J>on:i  ebiM. 
a,  Qon ' nuclear :  and  5,  nude 


ollai 


ment,  the  mouth  being  dosed;  heDce  we  have  rolnntary  influence  ore? 
the  sense  of  smell  j  for  by  interrupting  respiration  we  prevent  the  per- 
ception of  odors,  and  by  repeated  qiiiek  inspiration,  assisted,  as  iiiike 
act  of  sniffi/if/,  by  the  action  of  the  nostrils,  we  render  the  imprBsioii 
more  intense.  An  odorous  substance  in  a  tiqunl 
form  injected  into  the  nostrils  appears  incaptbk 
of  giving  rise  to  the  sensation  of  smell;  thin 
'^^^BK^KKBE^l  Weber  conld  not  smell  the  slightest  odor  what 
his  nostrils  were  completely  fille<l  with  w%itt 
containing  a  large  quantity  of  eau-de-CologUfi. 

The  nose  is  not  entirely  an  organ  for  th«; 
of  smelL  In  fact  the  nasal  cavities  are  di^ 
into  three  districts  called  resj>ectively,  (a) 
vesiibnlaria,  which  is  the  entrance  to  the  cariiy, 
It  is  lined  with  a  mucous  membrane  very  cloach 
resembling  the  skin,  and  contains  hair  (riAria^ ) 

(i)    reffio   re^piratma, 

wliicli  includes  the  lower  meatus  of  the  nose,  aui^ 

ated  iKirtions  of  the  enithe-  all  the  rest  of  the  nasal  paaaagea  except  (c),  jtu 

liuiii;   t\  nerves:  *ift  Klands,  i       •   i  i  j  t_  • 

marked  out  by  sehuTuei  as  coverod  With  mucous  membrane  coverea  by  strati 

Bowman's.     (M,  fcichulUe,)        %    ^       ^  .1.         i        .   ,      ,.  rrri 

faed  columnar  ciliated  epithelium.      1  he  mucii:?*  n 
thick  and  consists  of  fibrous  connectire  tissue,  it  contains  a  certain  nuin- 
ber  of  tubular  mucous  and  serous  glands;  and  (c)  regio  ol/acioria,  which 
includes  the  anterior  two-thirds  of  the  superior  meatus,  the  middle  mcatm, 
and  the  upper  half  of  the  septum  nasi.     It  is  of  a  yellowish  color.    It  cim- 
sists  of  a  thicker  mucous  membrane  than  in  (i),  made  up  of  loose  ftreohr 
connective  tissue  covered  byepithelinm  of  a  special  variety,  renting  upon 
a  basement  membrane.     The  cells  of  the  epithelium  are  of  several  kinds, 
firstly,  columnar  cells  not  ciliated  (fig,  394),  consisting  of  a  granular  bodj 
containing  pigment,  with  the  broad  end  at  the  surface,  and  below  taper- 
ing into  an  irregular  branched  process  or  processes,  the  tei-minatioiisof 
which  are  lost  in  the  next  layer — ^each  cell  has  a  conspicuous  oroiii 
nucleus^  staining  well  in  hiematoxylin— these  cells  are  the  continuni   ^ 
of  the  columnar  ciliated  epithelium  of  (^),     The  second  kind  consiiN  ui 
a  small  cell  body  with  large  spherical  nucleus,  staining  imperfecthiii 
h^ematoxylin,  situated  between  the  ends  of  the  first  kind  of  cell,  And 
sending  upward  a  process  to  the  surface  between  tlie  cells  of  the  first 
kind,  and  from  the  other  pole  of  the  nucleus  a  proce^  toward  the 
mucosa.     The  latter  process  is  very  delicate  and  may  be  varicose.    Tbe 
upper  process  may  be  prolonged  beyond  the  surface  as  a  cilium.     These 
cells  are  numerous,  and  the  nuclei  of  the  cells  not  being  on  the  saofl 
level,  a  comparatively  thick  nuclear  layer  is  the  result.     Below  them  ii 
a  layer  of  irregular  branched  nucleated  cells  placed  upon  the  b^aemeDt 


THB   SENSES. 


G43 


nembraiie.  It  is  doubtful  if  all  the  nuclei  of  the  nuolear  luyer  send 
[iroceaaes  in  both  directions  to  the  siirfaoo  and  to  the  mocosa.     In  the 

lucosa  are  peculiur  glands,  small  and  twisted,  made  up  of  large  cells 
anged  parallel  inclosing  a  canal,  and  called  Bowman *s  glands.     They 

re  proba!)ly  serous  or  mucous  secreting  glands. 
The  branches  of  the  olfactory  nerves  retain  much  of  the  same  soft  and 

rayish  texture  which  distingnishes  those  of  the  olfactory  tracts  within 

le  cranium.  Their  filaments,  also,  are  peculiar,  more  resembling  those 
ftf  the  sympathetic  nerve  than  the  filaments  of  the  other  cerebral  nerves 
io,  containing  no  outer  white  substance,  and  being  finely  granular  and 
mcleated.     The  fibres  are  supposed  to  terminate  in  the  prooesses  of  the 

Bcond  variety  of  cell  lining  the  olfactory  mucous  membrane,  and  called 
Tod  celhy  the  columnar  cells  are  looked  upon  only  as  supporting  cells* 

3m e,  however,  look  upon  both  kinds  of  cells  as  olfactory  in  function. 
The  sense  of  smell  is  derived  exclusively  through  those  parts  of  the  nasal 

avities  in  which  the  olfactory  nerves  are  distributed ;  the  accessory  cavi- 
ties or  sinuses  communicating  witli  the  nostrils  seem  to  have  no  relation  to 
it.  Air  impregnated  with  the  vapor  of  camphor  was  injected  into  the  front- 
sinus  through  a  fistulous  opening  and  odorous  substances  have  been 

xgeoted  into  the  antrum  of  Higliraore;  but  in  neither  case  was  any 


,VSi. 


J,— Nerraii  of  th**  rmter  wttlU  of  the  nasal  fonwp,    3-6.— 1,  network  of  the  branchps  of 

]factor7  laerrc,  dityL'frnlint:  tjjwD  the  region  of  tb«  superior  and  middle  tiirbinau*d  IxjtieH: 
,  extertial  twl^  of  the  inliMioidal  bnuich  of  the  Dasai  Derves;  3,  spheno- palatine  ^atif^lion;  4, 
iznJficatroii  of  the  anterior  ^mlatioc  aerres;  5v,  posterior,  and  fl,  middle  dirlglons  of  the  palatine 
PperTes;  7,  branch  in  the  region  of  the  tnferior  tiirbliiaU'd  bone;  i:^,  branch  to  the  reg^ion  of  the 
aperlor  and  mlddlt^  turbinated  booea;  9,  oosc^palJitfiie  bmndi  to  the  septum  cut  abort.  (Froui 
appey,  after  Hirschfeld  and  LoveillA.) 

Icdor  perceived  by  the  patient.     The  purposes  of  these  sinuses  appear  to 

[be,  that  the  bones,  necessarily  large  for  the  action  of  the  muscles  and 

jther  parts  connected  with  them,  may  be  as  light  as  possible,  and  that 

[there  may  be  more  room  for  the  resonance  of  the  air  in  vocalizing- 
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The  former  purpose,  which  is  in  other  bones  obtained  by  filling  ibeir 
cavities  with  fat,  is  here  attained,  as  it  is  in  many  bones  of  birdi,  b; 
their  being  filled  with  air. 

Other  Functions  of  the  Nasal  Region, — All  parts  of  the  nasal  caTitio, 
whether  or  not  they  can  be  the  seats  of  the  sense  of  smell,  are  endowed 
with  common  sensibility  by  the  nasal  branches  of  the  first  and  second 
divisions  of  the  fifth  nerve.  Hence  the  sensations  of  cold,  heat,  itcli- 
ing,  tickling,  and  pain;  and  the  sensation  of  tension  or  pressure  in  the 
nostrils.  That  these  nerves  cannot  perform  the  fanction  of  the  oUae- 
tory  nerves  is  proved  by  cases  in  which  the  sense  of  smell  is  lost,  while  tiie 
mucous  membrane  of  the  nose  remains  susceptible  of  the  varions  modi- 
fications of  common  sensation  and  of  touch.  But  it  is  often  difficult  to 
distinguish  the  sensation  of  smell  from  that  of  mere  feeling,  and  to 
ascertain  what  belongs  to  each  separately.     This  is  the  case  particnlaily 


Fig.  894.— Cells  from  the  olfactory  regrions  of  the  rabbit.    «f.  Supporting  ceUs;  r,  r*,  varietieior 
rod-cells;  /,  ciliated  cell ;  «,  cilia-like  process;  fe,  cells  from  Bowman's  gland.     (StChr.) 

with  the  sensations  excited  in  the  nose  by  acrid  vapors,  as  of  ammonia, 
horse-radish,  mustard,  etc.,  which  resemble  much  the  sensations  of 
the  nerves  of  touch;  and  the  difficulty  is  the  greater,  when  it  is  remem- 
bered that  these  acrid  vapors  have  nearly  the  same  action  upon  the 
mucous  membrane  of  the  eyelids.  It  was  because  the  common  sensi- 
bility of  the  nose  to  these  irritating  substances  remained  after  the 
destruction  of  the  olfactory  nerves,  that  Magendie  was  led  to  the  erro- 
neous belief  that  the  fifth  nerve  might  exercise  this  special  sense. 

Varieties  of  Odorous  Se?isatio)is. — Animals  do  not  all  equally  perceire 
the  same  odors ;  the  odors  most  plainly  perceived  by  an  herbivorous  animal 
and  by  a  carnivorous  animal  are  different.  The  Camivora  have  the 
power  of  detecting  most  accurately  by  the  smell  the  special  peculiaritieB 
of  animal  matters,  and  of  tracking  other  animals  by  the  scent;  but  hare 
apparently  very  little  sensibility  to  the  odors  of  plants  and  flowers. 
Herbivorous  animals  are  peculiarly  sensitive  to  the  latter,  and  have  a 
narrower  sensibility  to  animal  odors,  especially  to  such  as  proceed  from 
other  individuals  than  their  own  species.     Man  is  far  inferior  to  many 
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'aninialB  of  both  classes  (which  appear  to  have  a    special  epitheliiil 

arrangement  called  Ja€obsQn\H  m/mu  for  the  purpose  of  "  sceni  ")y   in 

spectof  tlie  acuteness  of  smell ;  but  his  sphere  of  Busceptibility  to  various 

*^odors  is  raore  uniform  and  extended.  The  cause  of  this  dilTereuce  lies 
probably  in  the  endowments  of  the  cerebral  parts  of  the  olfactor}'  appa- 

Iratus.     The  deliciicy  of  the  sense  of  smell  is  most  remarkable;  it  can  dis- 
oern  the  presence  of  bodies  in  quantities  so  minute  as  to  be  uudiscover- 
able  even  by  spectrum  analysis;  r^^^.7Vff^"ff^^r  ^^  ^  grain  of  musk  can  be  dis- 
tinctly smelt  { Valentin).     Opposed  to  the  sensation  of  an  agreeable  odor  is 
that  of  adisiigreeableor  disgusting  odor,  which  corresponds  to  the  scri.^a- 
tions  of  pain,  dazzling  and  disharmony  of  colors,  and  dissonance  in  the 
bther  senses.    The  cause  of  this  difference  in  the  effect  of  d ifferent  odors  is 
unknown;  but  this  much  is  certain,  that  odors  are  pleasant  or  offensive 
in  a  relative  sense  only,  for  many  animals  pass  their  existence  in  the 
[midst  of  odors  which  to  us  are  highly  disagreeable.     A  great  difference 
fin  this  respect  is,  indeed,  observed  amongst  men:  many  odors,  generally 
Ithouglit  agreeable,  are  to  some  persons  intolerable;  and  different    per- 
ouB  describe  differently  the  sensations  that  they  severally  derive  from 
[the  same  odorous  substances.     There  seems  also  to  be  in  some  persons 
an  insensibility  to  certain  odors,  comparable  with  that  of  the  eye  to  cer- 
tain colors;  and  among  different  persons,  as  great  a  difference  in  the 
acuteness  of  the  sense  of  smell  as  among  others  in  the  acuteness  of  sight. 
I  W'e  have  no  exact  proof  that  a  relation  of  harmony  and  disharmony  exists 
I  between  odors  as  between  colors  and  sounds;  though  it  is  probable  that 
Buch  is  the  case,  since  it  certainly  is  so  with  regard  to  the  sense  of  taste; 
land  sinc^  such  a  relation  would  account  in  some  measure  for  the  differ- 
[ent  degrees  of  perceptive  power  in  different  persons;  for  as  some  have 
no  ear  for  music  (as  it  is  said),  so  others  have  no  clear  appreciation  of 
the  relation  of  odors,  and  therefore  little  pleasure  in  them. 

Subjective  sen  sat  torn. — The  sensations  of  the  olfactory  nerves,  inde- 
pendent  of  the  external  application  of  odorous  substances,  have  hitherto 
been  little  studied.     The   friction  of  the  electri.c  machine  produces  a 
smell  like  that  of  pliosphorus.     Eitter,   too,  has  observed,  that  wlien  a 
galvanic  current  is  applied  to  the  organ  of  smell,  besides  the  impulse 
to  sneeze,  and  the  tickling  sensation  excited  in  the  filaments  of  the  fifth 
K  nerve,  a  smell  like  that  of  ammonia  was  excited  by  the  negative  pole,  and 
™  an  acid  odor  by  the  positive  pole;  whichever  of  the3e  sensations  were  pro- 
duceil,  it  remained  constant  as  long  as  the  circle  was  closed,  and  changed 
to  the  other  at  the  moment  of  the  circle  being  opened.     Subjective  sen 
eationa  occur  frequently  in  connection  with  the  sense  of  smell.     Fre- 
quently a  person  smells  something  which  is  hot  present,  and  which  other 
\  peraone  cannot  smell ;  this  is  very  frequent  with  nervous  people,  but  it  oc- 
I  caflionally  happens  to  every  one.     In  a  man  who  was  constantly  conscious 
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of  a  bad  odor,  the  arachnoid  was  found  after  death  to  be  beset  witk 
deposits  of  bone,  and  a  lesion  in  the  middle  of  the  cerebral  hemispheres 
was  also  discovered.  Dubois  was  acquainted  with  a  man  who,  ever  after 
a  fall  from  his  horse,  which  occurred  several  years  before  his  death, 
believed  that  he  smelt  a  bad  odor. 


IV.  Hearing. 

Anatomy  of  the  Ear. — For  descriptive  purposes,  the  Ear,  or  Organ 
of  Hearing,  is  divided  into  throe  parts,  (1)  the  external,  (2)  the  middle, 
and  (3)  the  internal  ear.     The  two  first  are  only  accessory  to  the  third 


Fie.  395.— Diagrammatic  view  from  before  of  the  parts  compoeini:  the  orcran  of  hearing  of 
IKe  lert  side.  The  temi)oral  bone  of  the  left  side,  with  the  accompanying  soft  parts,  has  l»«i 
detached  from  the  heatl,  and  a  section  has  been  carried  throuj^h  it  transversely,  so  as  to  remote 
the  front  of  the  meatus  externus,  half  the  tympanic  membrane,  the  upper  and  anterior  wall  of 
the  tympanum  and  Eustachian  tube.  The  meatus  intemus  has  also  bet»n  opened,  and  the  hooy 
labyrinth  exi>ose<.l  by  the  removal  of  the  surrounding  parts  of  the  petrous  bone.  1,  the  didqa 
ami  lobe:  2.  2',  meatus  externus;  2',  membrana  tymi>ani;  3,  cavity  of  the  tympanum;  S'.  in 
opening  backward  into  the  mastoid  cells;  between  3  and  3',  the  chain  of  small  bones;  4.  Eusia- 
cnian  tube;  5,  meatus  intemus.  containing  the  facial  (upiiermost)  and  the  auditory  nerves;  <5. 
plactHi  on  the  vestibule  of  the  labyrinth  above  the  fenestra  ovalis;  a,  apex  of  the  petrous  honi»; 
h,  internal  carotid  artery;  c,  styloid  process;  d.  facial  nerve  issuing  from  the  stylo-mastnid 
foramen:  e,  mastoid  proct^ss;  /,  squamous  i>art  of  the  bone  covered  by  integ^ument,  etc.    (Arnolds 

or  internal  ear,  which  contains  the  essential  parts  of  an  organ  of  hear- 
in<r.  Tlie  accompanying  figure  shows  very  well  the  relation  of  these 
rlivisions,  one  to  the  otlier  (lig.  305). 

External  Ear. — The  external  ear  consists  of  the  pi fina  or  a nrick 
and  the  external  auditory  cajial  or  meatus. 

The  principal  parts  of  the  pinna  (fig.  395)  are  two  prominent  rims 
inclosed  one  within  the  other  {helix  and  antihelix),  and  inclosing  a  cen- 
tral hollow  named  the  concha;  in  front  of  the  concha,  a  prominence 


THE  BEKSEB. 


647 


IdifDcteii  l>ackwar(l,  the  tragus^  and  opposito  to  this  one  directed  for- 
Iward,  the  anfi tragus.  From  the  concha,  the  auditory  canal,  with  a 
light  arch  directed  upward,  passes  inward  and  a  little  forward  to  the 
lembrana  tympani,  to  which  it  thus  serves  to  convey  the  vibrating  air, 
[te  outer  part  conisists  of  fibro-c4irtilage  continued  from  the  concha;  it^ 
inner  part  of  bone.  Both  are  lined  by  skin  continuous  with  that  of 
the  pinna,  and  extending  over  the  outer  part  of  the  mmnhrana  tympani. 
Toward  the  outer  part  of  the  canal  are  fine  hairs  and  sebaceous 
f lands,  while  deeper  in  the  canal  are  mnall  glands,  resembling  the  sweat- 
j^lands  in  structure,  which  f^ecrcte  the  cenimen. 

Middle  Ear  or  Tympanum. — The  middle  ear,  or  tympanum  (3, 

5g.    395),   is  separated  by  the    menibrmm  tgmpani  from  the  external 

Imuditory  canal.     It  is  a  cavity  in  the  temporal  bone,  opening  through 

litfi  anterior  and  inner  wall  into  the  Eustachian  tube,   a  cyiindriform 


Fig.  806.  Fig.  SOT,  Fig.  JKW, 

ip.  ap6.— Thf'  bauimcrboDe  or  niaUeuB^  seen  from  the  front,     t,  the  hc^ad;  2,  Deck;   8,  short 
,  lon»?  pnjcesM.     (Schwalbe.) 
_J7,— The!  inciie,  or  iKiYJil'boiie,     t»  body;   3,  rid^wl  articulation  for  thw  ma  Ileus;  4,  ppo- 
©via,  with  B,  rougli  artlctjlar  surface  for  nj^ament  of  fmrtw;  6,  processus  luagnuj;,  with 
rsrticulatlQir  durface  for  stapes;  7,  mitH»*nt  foraniea.     (Schwalbf . ) 

f  Fig.  898,— The  Atapect,  or  Ktirrup  bone,  1,  baae;  2  and  3,  arch;  4,  head  of  bone,  which  articu- 
lates with  orbicular  proce^  of  tnf  incus;  ^  coustricted  port  uf  neck;  G,  one  of  tht^  crura. 
CBi^walbej 

flattened  canul,  dilated  at  both  entls,  composed  partly  of  bone  and  partly 
of  elastic  cartihige,  and  lined  with  mucous  membrane,  which  forma  a 
comraunication  between  the  tympanum  and  the  pharynx.  It  opens  into 
the  cavity  of  the  pharynx  just  behind  the  posterior  aperture  of  the  nos- 
trils. The  cavity  of  the  tympanum  communicates  posteriorly  with  air 
cavities,  the  mastoid  ceils  in  the  mastoid  process  of  the  temporal  bone ; 
but  its  only  opening  to  the  external  air  is  through  the  Eustachian  tube 
(4,  fig.  :Jl)5).  Tlie  walLi  of  the  tympannm  are  osseous,  except  where  aper- 
tures in  them  are  closed  with  membrane,  a^  at  the  fenestra  rotunda  and 
fenestra  ova! is,  and  at  the  otUer  part  where  the  bone  is  replaced  by  the 
membrana  tympani.  The  cavity  of  the  tympanum  ia  lined  with  mucous 
membrane,  the  epithelium  of  which  is  ciliated  and  continuoos  with  that 
of  the  pharynx.  It  contains  a  chain  of  small  l>ones  (ossicnla  anditus) 
which  extends  from  the  membrana  tympani  to  the  fenestra  ovalis. 
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The  memhrana  tympani  u  placed  in  a  slanting  direction  at  the  bot- 
tom of  the  external  auditory  canni,  ita  plane  being  at  an  angle  of  about 
45°  with  the  lower  wall  of  the  cjinal.  It  id  formed  chiefly  of  a  tough 
and  tense  fibrous  membrane,  the  edges  of  which  are  set  in  a  bony  groote: 


^>*  ^',1 


Fig.  390,— Intt^rlor  view  of  the  tympanum,  wlUi  inembraiui  tympani  and  "bones  In  mfttmi 
position.  1,  Menibrana  tympani;  2,  Eus^tachian  tube;  3,  t^oBor  lyuipani  tnuat,*le:  4,  llip-  j-'*'- 
super. ;  6^  eordii-tympani  nerve;  ci,  6,  and  c,  sinusBs  about  cxBsieuln.     tSehwaltW-J 


its  outer  surface  is  covered  with  a  continuation  of  the  cutaneous  lining 
of  the  auditory  canal,  its  inner  surface  with  part  of  the  ciliated  nmcam 
membrane  of  the  tympanum. 

The  osskks  ivcii  three  in  number;  named  malleus,  incus,  and  staji 
The  malleus,  or  hammer- bone,  is  attached  by  a  long  slightly-curved  pi 
cesa,  called  ita  handle,  to  the  membrana  tympani;  the  line  of  attachment 
being  vertical,  including  the  whole  length  of  the  handle,  and  extending 
from  the  upper  border  to  the  centre  of  the  membrane-  The  bead  of  tlic 
mallons  ia  irregularly  rounded  j  its  neck,  or  the  line  ot  boundary  between 
it  and  the  handle,  supports  two  processes;  a  short  conical  one,  which 
receives  the  insertion  of  the  knmr  iympani,  and  a  slender  one,  proeemn 
graeiliSy  which  extends  forward,  and  to  which  the  laxator  iympnnimwhQk 
is  attached.  The  bim,%  or  anvil-bone,  shaped  like  a  bicuspid  molar  tooth, 
is  articulated  by  its  broader  part,  corresijonding  with  the  surface  of  the 
crown  of  a  tooth,  to  the  malleus.  Of  its  two  fang- like  processes,  one, 
directed  backward,  has  a  free  end  lodged  in  a  depression  in  the  mastoid 
bone;  the  other,  curved  downward  and  more  pointed,  articulates  by  mesjis 
of  a  roundish  tubercle,  formerly  called  a"?  orbtculare^  with  the  stapes,  a 
little  bono  shaped  exactly  like  a  stirrup,  of  wiiich  the  base  or  bar  fite  into 
the  fenestra  ovalis.  To  the  neck  of  the  stapes,  a  short  process,  correspond- 
ing with  the  loop  of  the  stirrup,  is  attached  the  atapedius  muscle. 

The  bones  of  the  ear  are  covered  with  mucous  membrane  reflected  otw 
them  from  the  wall  of  the  tympanum ;  and  are  movable  both  altogether 
and  one  upon  the  other.     The  nialleuB  moves  and  vibrates  with 
movement  and   vibration   of  the   membrana   tympani,   and  its 
ments  are  communicated  through  the  incus  to  the  stapes,  and  th 
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it  to  the  membrane  closing  the  fenestra  OTalis*  The  malleus,  also, 
movable  in  its  articulation  witli  the  incus;  and  the  membrana 
^^mpani  moving  with  it  is  altered  in  its  degree  of  tension  by  the  laxator 
id  tensor  tympaui  muscles*  The  stapes  is  movable  on  the  process  of 
Ihe  incus,  when  the  stapedius  muscle  acting,  draws  it  backward.  The 
ds  round  which  the  malleus  and  incus  rotate  is  the  line  joining  the  pro- 
BUS  gracilis  of  the  malleus  and  the  posterior  (short)  proems  of  the  incus. 
The  Internal  Ear* — The  proper  organ  of  hearing  is  formed  by  the 
listribution  of  the  auditory  nerve  within  the  internal  ear,  or  lahyrinih^ 
set  of  cavities  within  tlie  petrous  portion  of  the  temporal  bone.  The 
iue  which  forms  the  walls  of  these  cavities  is  denser  than  that  around 
lt|  and  forms  the  mseons  labyrinth;  the  membrane  within  the  cavities 
forms  the  membranous  hthjrintJu  The  membranous  labyrinth  contains  a 
luid  called  endolymph;  while  outside  it,  between  it  and  the  osseous 
Eibyrinth,  is  a  fluid  ^d\\^  perilymph.  This  fluid  is  not  pure  lymph ; 
las  it  contains  mucin. 

The  osseous  labyrinth  consists  of  three  principal  parts,  namely 
Jthe  vestibuhy  the  cochlea ^  and  the  semicirctdur  canals. 

The  teMihide  is  the  middle  cavity  of  the  labyrinth,  and  the  central 
organ  of  the  whole  auditory  apparatus.     It  presents,  in  its  inner  wall, 


Fig.  400. 


Fi|r.  401. 


FJ|f.  ^iOO  — RiKht  \mny  labyrinth,  viewed  fpom  the  outer  side.    The  specimra  here  r 


Qtod 


,  .r  .  -  ,        .  -  *  repre8fl[iw 

[tsorepar«d  by  BetMiratinK  piece ui«al  the  looser  eiibftUnct^  of  the  petrotiB  booe  fmm  tlie  denw 
[  w&llf  whkh  InmitHJiately  lDi')tt«ie  the  labjTinth.     1,  the  vestibule:   S,  fenestra  ovalis;  8»  miperior 
>  eecuJtUrcul&r  canal;  -I,  horizontal  or  extertuLl  CAiml;  5k  posfcerlor  cvi&l:  *r  a.uipu1l£F  V't  the  ]«eDii- 
elrculor  dLnnls;  6,  l^nst  tuna  of  the  ccx^le^;  7,  flecood  ttim;  ft,  apex;  9,  fencsrtru   rotunda.    The 

I  mtaller  flifure  in  outline  below  ahowB  tho  natural  size.     2i     (SOmmerlnjt, ) 

FIk,  401.— VieT  of  the  Interior  of  the  left  labyrinth.     The  l»oriy  wall  of  the  lahyriDtb  is  re- 

'  niOTea  siponorly  a.nd  e3ct*.*mally.     I,  Fovea  heraielllptka:   S,  fovea,  heuiispherlca;  S,  comrooo 

openinB'  of  the  Htirvrior  and  posterior  aemleireular  fi^nais;  4,  4>penin£c  of  tiie  aqueduct  of  the 


fovea  heuiispherlca;  8,  comrooo 

nK  of  the  stiTvrior  and  posterior  aemlcireular  f:^n.ai8;  4,  4>penin£c  of  tiie  aqueduct  of  the 

▼estibtite;   5,  the  superjor,  6,  tVie  |>o«terior,  and  7,  the  external  semicircular  canals;   B,  spiral 


I  tube  of  the  cochlea' (soala  t^^ipaul);  9,  omutng  of  the  aquetiuct  of  the  cochlea;  10,  placed  on 
the  latiilna  spir&llB  fn  the  scalu  vestlbuli.    -^    (BdmineringJ 


several   openings   for   the   entrance   of 
nerve;    in   its  outer  wall,  the  fenestra 


the   divisions   of  the   auditory 
Qvalis  {2y  fig.  400),  an   open- 


I 
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ing  filled  by  the  base  of  the  stapes;  in  its  posterior  and  sapwior 
walls,  five  openings  by  which  the  semicirculur  canals  communicate  with 
it:  in  its  anterior  wall,  an  opening  leading  into  the  cochlea.  The  hindsr 
part  of  the  inner  wall  of  the  vestibule  also  presents  an  opening,  the 
orifice  of  the  aqumductus  vestibuli^  a  canal  leading  to  the  posterior  mar- 
'  gin  of  the  petrous  bone,  with  uncertain  contents  and  unknown  purpose^ 

The  semicircular  cafials  (figs.  400,401)  are  three  arched  cylindrifom 
bony  canals,  set  in  the  substance  of  the  petrous  bone.  They  all  open  at 
both  ends  into  the  vestibule  (two  of  them  first  coalescing).  The  ends  of 
each  are  dilated  just  before  opening  into  the  vestibule ;  and  one  end 
being  more  dilated  than  the  other  is  called  an  ampulla.  Two  of  the 
canals  form  nearly  vertical  arches;  of  these  the  superior  is  also  anterior; 
the  posterior  is  inferior;  the  third  canal  is  horizontal,  and  lower  and 
shorter  than  the  others. 

The  cochlea  (6,  7,  8,  figs.  400  and  401),  a  small  organ,  shaped  like  a 
common  snail-shell,  is  situated  in  front  of  the  vestibule,  its  base  resting 
on  the  bottom  of  the  internal  meatus,  where  some .  apertures  transmit 
to  it  the  cochlear  filaments  of  the  auditory  nerve.  In  its  axis,  the 
cochlea  is  traversed  by  a  conical  column,  the  modiolus^  round  which  a 
spiral  cafial  winds  with  about  two  turns  and  a  half  from  the  base  to  the 
apex.  At  the  apex  of  the  cochlea  the  canal  is  closed ;  at  the  base  it 
presents  three  openings,  of  which  one,  already  mentioned,  communicatee 
with  the  vestibule ;  another  chilled  fenestra  rotunda^  is  separated  by  a 
membrane  from  the  cavity  of  the  tympanum ;  the  third  is  the  orifice  of 
the  aquxeductus  cochlea',  a  canal  leading  to  the  jugular  fossa  of  the 
petrous  bone,  and  corresponding,  at  least  in  obscurity  of  purpose  and 
origin,  to  the  aquseductus  vestibuli.  The  spiral  canal  is  divided  into  two 
passages,  or  scala?,  by  a  partition  of  bone  and  membrane,  the  lamina 
spiralis.  The  osseous  part  or  zone  of  this  lamina  is  connected  with  the 
modiolus. 

The  Membranous  Labyrinth. — The  membranous  labyrinth  corre- 
spontls  generally  witli  tlie  form  of  the  osseous  labyrinth,  so  far  as  regards 
the  vestibule  and  seuiieircular  canals,  but  is  separated  from  the  walls  of 
these  parts  by  perilymph,  except  where  the  nerves  enter  into  connection 
within  it.  The  labyrinth  is  a  closed  membrane  containing  endolvmph, 
which  is  of  much  the  same  composition  as  perilymph,  but  contains  less 
solid  matter.  It  is  somewhat  viscid,  as  is  the  perilymph,  and  it  is 
secreted  by  the  epithelium  lining  its  cavity;  all  the  sonorous  vibrations 
impressing  the  auditory  nerves  in  these  parts  of  the  internal  ear,  are 
contluotod  through  fiuid  to  a  membrane  suspended  in  and  containing 
fluid.  In  the  cochlea,  the  membranous  labyrinth  completes  the  septum 
between  the  two  scalcp^  and  incloses  a  spiral  canal,  previously  mentioned, 
called  canalis  mcmbranaceus  or  canalis  cuchkw  (fig.  403).      The  fluid  in 
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m  8caliB  of  the  cochlea  is  continuoua  with  the  perilymph  in  the  vesti- 
xle  and  seniicirciihir  canals,  and  there  ia  no  fluid  external  to  its  lining 
aembrane.     The  vestibular  portion  of  the  membranous  labyrinth  cam- 
prises  two,  probably  communicating  cavities,  of  which  the  larger  and 
ipper  is  named  the  itfrif'ulus;    the   lower,    the   mreuins.      They   are 
Iged  in  depreseiotis  in  t]ie  bony  labyrinth,  termed  respectively /oira 
\efn\fUiptica  and  fovea  hemispberim.     Into  the  former  open  the  orifices  of 
the  menibranoiiB  semicircular  canals;  into  the  latter  the  canalis  cochlctp, 
16  membranous  labyrinth  of  all  these  parts  is  laminated,  transparent, 
rery  vascular,  and  covered  on  the  inner  surface  with  nucleated  cells,  of 
rhich  those  that  line  the  ampulkc  are  prolonged  into  stiff  hair-like  pro- 
si  the  same  appearance,  but  to  a  much  less  degree,  being  visible  in 
Uie  utriculc  and  saccule.     In  the  cavities  of  the  utricuhie  and  sacculus 
^'e  small  masses  of  calcareous  particles,  otoconia  or  oMiiha;    and  the 


Fte.  403.— VIefV  of  the  OMeotis  cochlea  divided  through  fhe  middle.  1.  ef*otrat  canal  of  thc^ 
idloluB:  if,  lAmtOA  flpiraUa  oooo;  a,  acaJ«  ^jrrapAni;  4,  Hcala  Te«tlbuli;  5,  poniti«  sutMianee  of 
>  mcxlioliiA  Dear  one  of  the  secllooe  of  ths  cawis  KplraUH  modloU.     x  5.     cAmold.; 


Mne,  ftlthongh  in  more  minute  quantities,  are  to  be  found  in  the  interior 
Jof  some  other  parts  of  the  membranous  lalnnrinth. 

AuiUfory  yerre, — ^All  the  organs  now  described  are  provided  for  the 
Ijippropriate  exposure  of  the  filaments  of  the  auditory  nerve  to  sonorous 
Kibrationa.  It  is  characterized  as  a  nerve  of  special  sense  by  its  softness 
[{whence  it  derived  its  name  of  par f to  moNis  of  the  seventh  pair),  and  by 
(the  fineness  of  its  component  tibres.  It  enters  the  bony  canal  (the  meatus 
Mmtdiiorius  ititernusjj  with  the  facial  nerve  and  the  nervus  intermedins, 
|and,  traversing  the  bone,  enters  the  labyrinth  at  the  angle  between  the 
base  of  the  coclilea  and  the  vestibtile,  in  two  divisions;  one  for  the  ves- 
'tihule  and  semieircular  canals,  and  the  other  for  the  cochlea* 

There  are  two  branches  for  the  vestibule,  one,  superior,  distributed 

to  the  utriculc  and  to  the  superior  and  horizontal  semicircular  canals^ 

id  the  other,  inferior,  ending  in  the  snccule  and  posterior  semicircular 

i^nal.     Where  the  uervc    conies  in  connection  with  the  utricule  and 

laccule^  the  structure  of  the  membrane  is  modified  somewhat  and  the 

hilaces  are  called  rnmuiw  acnsiicm.     The  epithelium  in  this  region  is,  as 

{we  shall  see  directly,  considerably  specialissed,  uud  where  the  nerve  is  in 

<y>nnection  with  the  ampullj^  of  the  semicircular  canals,  too,  the  struct- 

[fjre  ia  altered,  becoming  elevated  into  a  horse-shoe  ridge,  which  projects 
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into  the  interior  of  the  cavity,  forining  the  crista  dcttsiica,  Here^  tw»  I 
the  epithelium  is  of  a  speciiil  kind.  The  nerve  fibres  spread  out  tod  I 
mdiate  on  the  inner  surface  of  the  membranous  labyrinth:  their  exact  I 
tefDiiuation  ie  uncertain.  The  distribution  of  the  other  division  of  the  I 
auditory  nerve,  the  cochlear,  will  be  raore  clearly  understood  aft«rthel 
description  of  the  cochlea  itself, 

Strudnre, — The  structure  of  the  membranous  labyrinth  consists  ot 
three  coats,  externally  a  layer  of  areolar  tissue,  nest  a  hyaloid  memhram-, 
elevated  into  minute  papillae,  and  internally  a  layer  of  flattened  epi- 
theliuni.  At  the  pmition  whero  the  branches  of  the  vestibular  bnmd 
of  the  auditory  nerve  join  it,  viz.,  at  the  saccule,  utricule,  and  ampalli 
of  the  semicircular  canals,  there  is  a  marked  difference  in  the  8truet«T«, 
the  external  and  middle  layers  are  thicker  and  the  epithelium  becomes 
oolumnar.  The  epithelium  in  which  the  fibres  of  the  veatibular  neni 
are  said  to  terminate  are  of  two  kinds,  called  rylinder  or  hair  celk^  tmi 
rod  reUs.  The  hair  cells  occupy  only  one-half  of  the  thickness  of  tht 
membrane;  from  their  inner  end  hair-like  processes  project  into  tht 
cavity  of  the  labyrinth.  Their  outer  end  is  rounded  and  conUiuia 
large  round  nucleus.  To  these  cells  the  primitive  fibrillae  of  thetiif 
cylinders  pass  up,  some  of  them  being  distinctly  varicoae.  The  cutrt 
relation  of  the  nerve  fibrillar  to  the  hair-cells  is  unknown;  by  some  tW 
are  believed  actually  to  enter  the  cells,  by  others  they  are  stated  to  form 
a  kind  of  nest  of  librilte  into  which  the  cells  fit.  The  rod-cells  are  of 
somewhat  varying  form.  They  are  elongated  cells  extending  froin  tb# 
surface  to  the  basement  membTane,  broad  at  the  upper  or  surface  end, 
and  containing  oval  nuclei  toward  their  attached  end,  but  not  exactly  tt 
the  same  level  in  all  cases.  These  nuclei »  therefore,  form  a  distinc; 
broad  nuclear  layer  on  a  vertical  section  of  the  membrane,  as  the  oelh 
are  numerous^  much  more  so,  indeed,  than  the  other  variety  of  cselL 
The  lower  or  attached  part  of  the  cell  may  be  branched. 

The  membranous  part  of  the  cochlea,  with  a  muscular  zone,  formij^' 
its  outer  margin,  is  attached  to  the  outer  wall  of  the  canal.  Commeii«> 
ing  at  the  biise  of  the  cochlea,  between  its  vestibular  and  tympanic  open* 
ings,  it  forms  a  partition  between  these  apertures;  the  two  sc-ate  are, 
therefcre>  in  correspondence  with  this  arrangement,  named  jncala  tt^if- 
buii  and  scala  tympnni  (fig,  403).  At  the  apex  of  the  cochlea,  the 
lamina  spiralis  ends  in  a  small  hamidnSy  the  inner  and  concave  part  of 
wliich,  being  detaciied  from  the  summit  of  the  modiolus,  leaves  a  smiJl 
aperture  namcnl  hejicutrema^  by  which  the  two  scalie,  separated  in  ail  the 
rest  of  their  length,  communicate. 

Besides  the  scala  vestibuli  and  scala  tympani,  there  is  a  third  spioe 
between  them,  called  ^cala  media  or  atnal  memdranacens  (CC,  fig.  403). 
In  section  it  is  triangular,  its  external  wall  being  formed  by  the  wallol 
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be  cochlea,  ita  opper  wall  {separating  it  from  the  seala  vestihuli)  by 

ae  membrane  of  Keissner,  and  its  lower  wall  (separating  it  from  the 

ila  tympani)  by  the  basilar  membrane,  these  two  meeting  at  the  outer 

ige  of  the  bony  lamina  spiralis.     Following  the  turns  of  the  cochlea  to 

fis  apeXj.the  seala  media  there  terminates  blindly;  while  toward  the  base 

lof  the  cochlea  it  is  also  closed  with  the  exception  of  a  %*cry  narrow  pas- 

(canalis  reuniens)  nniting  it  with  the  sacculus.     The  scala  media 

ice  the  rest  of  the  membranous  lab\Tinth)  contains  endolymph. 

Organ  of  CortL — Upon  the  basilar  membrane  are  arranged  cells  of 

rarioua  shapes.     About  midway  between  the  outer  edge  of  the  lamina 


FlfT.  408.— Section  tlirouph  one  of  the  coiLs  of  thf*  cix'hli*ni  (fllaRramiiifttloy  f^T,  scala  tyni- 
j&ni:  SV,  m^U  vestlbiili:  V(\  canalift  cochlMw*  or  caualtK  niembrnnaivus :  /?,  membraue  of 
tVeisHuer;  Imo,  lamlnii  «plrallK  c*ft»p«i;  ll»,  ttmhii}^  LamliiirK]itrallft;  r».  *tukus«(uraHH:  nc.  cttchlear 
Iherve;  0«,  g&aKlioi!i  spirale;  t,  rnembriLEia  t^ctorln  (Im^Iow  Ui^  munihratiA  t^ni'toria  is  tlii^  latnitia 
ii«Clctilkrl8> ;  6,  meroDrana  baallaris;  Co,  rods  of  Corti;  tup,  ligaiueii turn  spirals.    ^Qualn.j 


spiralis  and  the  outer  wall  of  the  cochlea  are  situated  the  rmh  of  f'orti. 
Viewed  sidewajB,  they  are  seen  to  consist  of  an  external  and  internal 
[>illar,  each  rising  from  an  expanded  foot  or  h^se  on  the  biusilar  mem- 
brane (o,  n^  fig.  404).  They  slant  inward  toward  each  other,  and  each 
^mda  in  a  swelling  termed  the  head;  the  hcml  of  the  inner  pillar  overly- 
ing that  of  the  outer  (fig.  404),  Each  pair  of  pillars  forms,  as  it  were, 
fi  pointed  roof  arching  over  a  space,  and  by  a  succession  of  them  a  little 
tunnel  is  formed. 

It  has  tjt^en  estimated  that  there  are  about  3000  of  these  pairs  of  pil- 
Krs,  in  proceeding  from  the  base  of  the  cochlea  toward  its  apex.  They 
tre  found  progressively  to  increase  in  length,  and  become  more  oblique; 
in  other  words  the  tunnel  becomes  wider,  but  diminishes  in  height  as  we 
approach  the  apex  of  the  cochlea.  Leaning,  as  it  were,  against  these 
external  and  internal  pillars  are  certain  other  cells,  of  which  the  external 
ones,  hair  cdl%  terminate  in  small  hair-like  processes.  Most  of  the 
above  detaUs  are  shown  in  the  accompanying  figure  {^g.  404).  This 
complicated  Btmcture  rests,  as  we  have  seen,  upon  the  basilar  mcmbnine; 
it  is  roofed  in  by  a  remarkable  fenestrated  membrane  or  lamina  reticu- 
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laria  into  the  fenestriB  of  which  the  tops  of  the  various  rods  and  ct-Hi 
are  received.  When  viewed  from  ahove,  the  organ  of  Corti  sIiowb  i 
remarkable  resemblance  to  the  key-board  of  a  piano«     In  clofie  rdatioa 


Fip.  4/lH,  —Vertical  section  of  the  or^an  *>f  Corti  from  die  dog^.     1  to  2,  Hoinog«ii»M*  Wfv 
of  the  »r>-calleil  mninbrana  ba^ilarin;    «,  vi?stlbiilar  lu3'er;  r.  t\^npanlil  layfv,  wim  Duelej  »ai 


protoplasm ;    a,  prolongation  of  tympanal   j>t*riostemii  of   lEunfna   spiralis  i 
-     '   -•  *  '      ..     -  ..      point  of  p«^rroration 

g,  the  epithelium  of  the  sulcus  Bpiralli 


commencement  of   the   membraun  boailaris  near   the  point  of  j 
bkJod'VPgsel  (vas  »(_>irale>;    e,  bloodj-veiael;  /*,  nerres: 

' 'ibatfil  proceasli 
fi-flbrai  rad 


oration  of  thit  nervvB  I;  4. 


intern  us;  i\  internal  or  tufted  cell,  with  1 


^ ^tauiToun'ded  wi til  nuclei  and  iH^3*dl>l«_ 

(of  the  ^anular  Kvi^r).  into  which  the  nerro-flbrHi  nuiiate;  l^  hairs  of  the  internal  hJdr-odh  a, 


base  or  toot  ot  inner  pillar  of  org:an  of  Corti ;  m,  head  of  the  name  uniting  with  tlie 
Inif  part  of  an  4*iternfll  pillar.  who<*o  under  half  i»  miwilnff,  while  the  next  pillar  be: 
«i«nt«  both  niidclle  portfon  and  base;  r  »  rf,  three  esrtenial  bair-cells:  f.  baaea  of  two  ned^, 
hittr  or  tufted  retlm;  x,  »o-calU«d  mimxirtinfr  cell  of  Hetisen;  ti%  nerve-flbre  terminiititig  in  the 
<^f  the  external  hair-cellij;  I  i  to  i,  latnina  reticularis.    X  8nf>,     (Waldey^r.) 

with  the  rods  of  Corti  and  the  cells  inside  and  ootside  them,  and  probi^ 
hly  projecting  by  free  ends  into  the  little  tunnel  containing  finid  (roofed 
in  by  them),  are  filaments  of  the  auditory  nerve.  These  are  derited 
from  the  cochlear  division  already  mentioned.  Thia  paaaes  up  the  axk 
of  the  cochlea,  and  in  its  course  gives  off  fibres  to  the  lamina  spirtUL 
These  fibres  are  thick  at  their  origin,  but  thin  out  peripherally,  mi 
containing  bipolar  ganglion  cells  form  the  ganglion  spirals.  Beyond 
the  ganglion  at  the  edge  of  the  lamina  the  fibres  pass  up  and  become 
connected  with  the  organ  of  Corti. 

The  Physiology  of  Hearing. 

All  the  acoustic  contrivances  of  the  organ  of  hearing  are  means  for 
conducting  sound,  Since  all  matter  is  capable  of  propagating  aonorotij 
vibrations,  the  simplest  conditions  must  be  sufficient  for  mere  hearing^ 
for  all  substances  surrounding  the  auditory  nerve  would  stimulate  it 
The  whole  development  of  the  organ  of  hearing,  therefore,  can  have  for  iti 
object  inereh"  the  rendering  more  perfect  the  propagation  of  the  sodo 
roiis  vibrations,  and  their  multiplication  by  resonance;  and,  in  fact, 
whole  of  the  acoustic  apparatus  may  be  shown  to  have  reference  to  \ 
principles. 

The  external  auditory  passages  influence  the  propagation  of  aonod 
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the  tympanum  in  three  ways: — 1,  by  causing  the  sonorous  undulatiaus, 

ntering  dirL^ctly  from  the  utmosphei*e,  to  bo  transmitted  by  the  air  in 

he  passage  immediately  to  the  membruna  tympani,  and  thus  preventing 

ihem  from  being  dispersed;  2,  by  the  walla  of  the  passage  conducting 

e  BODoroua  undulations  imparted  to    the  external  ear  itself,  by  tlie 

ortestpathto  theattuehment  of  themenibrana  tynipjini,  and  so  to  this 

embrane;  3,  by  the  resonance  of  the  eolumn  of  air  eontiiined  within  the 

:e;  4,  the  external  ear,  especially  when  the  tragus  is  provided  with 

airs,  is  also,  doubtless,  of  service  in  protecting  the  meatus  and  mem- 

a  tympani  against  dost,  insects,  and  the  like* 

Regarding  the  cartilage  of  the  external  car,  therefore,  as  a  conductor 
of  sonorous  vibrations,  all  its  inequalities,  elevations,  and  depressions, 
become  of  evident  importance;  for  those  elevations  and  depressions  upon 
which  the  undulations  fall  perpendicularly,  will  be  affected  by  them  in 
the  most  intense  degree;  and,  in  consequence  of  the  various  form  and 
position  of  these  inequalities,  sonorous  undulations,  in  whatever  direc- 
tion they  may  come,  must  fall  per]>endiciilarly  upon  the  tangent  of  some 
ne  of  tlieuL  This  affords  an  explanation  of  the  extraordinary  form 
given  to  this  part. 

In  animals  living  in  the  atmosphere,  the  sonorous  vibrations  are  con- 
eyed  to  the  auditory  nerve  by  three  different  media  in  succession; 
namely,  the  air,  the  solid  parts  of  the  body  of  the  animal  and  of  the 
auditory  ajiparatus,  and  the  tliiid  of  the  labyrinth.  Sonorous  vibrations 
Jire  imparted  too  imperfectly  from  air  to  solid  bodies,  for  the  propaga- 
tion of  sound  to  iliQ  internal  ear  to  be  adequately  effected  by  that  means 
;Alone;  yet  already  an  instance  of  its  being  thus  propagated  has  i>een 
mentioned.  In  passing  from  air  directly  into  water,  sonorous  vibra- 
tions suffer  also  a  considerable  diminution  of  their  strength;  but  if  a 
tense  monibrane  exists  between  the  air  and  the  water,  the  sonorous  vi- 
itions  are  communicated  from  the  former  to  the  latter  medium  with 
^Yery  great  intensity.  This  fact,  of  which  Midler  gives  experimental 
proof,  furnishes  at  once  an  explanation  of  the  use  of  the  fenestra  rotunda^ 
and  of  the  membrane  closing  it.  They  are  the  means  of  comnitmicat- 
ing,  iu  full  intensity,  the  vibrations  of  the  air  in  the  tympanum  to 
the  fluid  of  the  labyrinth.  This  peculiar  property  of  membranes  is  the 
result,  not  of  their  tenuity  alone,  but  of  the  elasticity  and  capability  of 
dis|ilacement  of  their  particles;  and  it  is  not  impaired  when,  like  the 
membrane  of  the  fenestra  rotunda,  they  are  not  impregnated  with 
moisture. 

Sonorous  vibrations  are  also  communicated  without  any  perceptible 
loss  of  intensity  from  the  air  to  the  water,  when  to  the  membrane  form- 
ing tho  medium  of  communication,  there  is  attached  a  short,  solid  body, 
which  occupies  the  greater  part  of  its  surface,  and  is  alone  in  contact 
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with  the  water.     This  fact  elucidates  the  action  of  the  fenestra  onlis,  ■ 
and  of  the  phite  of  the  stapes  which  occupies  it,  and,  with  the  preceding 
fact,  shows  that  both  fenestrje — -that  closed  by  membrane  only,  and  that 
with  which  the  movable  stapes  is  connected — transmit  very  freely  tb« 
sonorous  vibrations  from  the  air  to  the  fluid  of  the  labyrinth. 

A  small,  solid  body,  fixed  in  an  opening  by  means  of  a  border  of 
membrane,  so  as  to  be  movable,  communicates  sonorous  vibrations  from 
air  on  tho  one  side,  to  water,  or  the  fluid  of  the  labyrinth,  on  the  other 
side,  much  better  than  8olid  media  not  so  constructed.      But  the  propt* 
gation  of  sound  to  the  fluid  is  rendered  much  more  perfect  if  the  sohd 
conductor  thus  occupying  the  opening,  or  fenestra  ovalis,  is  by  its  otlier 
end  fixed  to  the  middle  of  a  ti^nse  membrane,  which  has  atmospheric  air 
on  both  sides.     A  tense  membrane  is  a  much  better  conductor  of  the 
vibrations  of  air  than  any  other  solid  body  bounded  by  definite  surface: 
and  the  vibrations  are  also  communicated  very  readily   by  tense 
branes  to  solid  bodies  in  contact  with  them.     Thus,  then»  the  mem 
tympani  serves  for  the  transmission  of  sound  from  the  air  to  the  cl 
of  ossicles.     Stretched  tightly  in  its  osseous  ring,  it  vibrates  with  t] 
air  in  the  auditory  pjissage,  as  any  thin  tense  membrane  wull,  when  tl 
air  near  it  is  thrown  into  vibrations  by  the  sounding  of  a  tuning-foi 
or  a  musical  string.     And,  from  such  a  tense  vibrating  membrane,  the 
vibrations  are  communicated  with  great  intensity  to  solid  lx)dies  whicii 
touch  it  at  any  point     If,  for  example,  one  end  of  a  flat  piece  of  wood 
be  applied  to  the  membrane  of  a  drum,  while  the  other  end  is  heU! 
the  hand,  ^dbrationB  are  felt  distinctly  when  the  vibrating   tuning-foi 
is  held  over  the  membrane  without  touching  it;  but  the  wood  aloi 
isolated  from  the  membrane,  will  only  very  feebly  propagate  the  vi 
tiona  of  tho  air  to  the  hand. 

In  comparing  the  membrana  tjTnpani  to  the  membrane  of  a  drui 
however,  it  is  necessary  to  point  out  certain  important  differences. 

When  a  drum  is  struck,  a  certain  definite  tone  is  elicited  (fnnd*^ 
mental  tone);  similarly  a  drum  is  thrown  into  vibration  when  certai^H 
tones  are  sounded  in  its  neighborhootl,  while  it  is  quite  unaffected  bj    ' 
others.     In  other  words  it  can  only  take  up  and  vibrate   in  response  to 
those  tones  whose  vibrations  nearly  correspond  in  number  with  those  of 
its  own  fundamental  tone.     The  tympanic  membrane  can   take  np  od 
immense  range  of  tones  produced  by  vibrations  ranging  from  30  to  4(>00 
or  5000  per  second.     This  would  be  clearly  impossible  if  it  were  an 
evenly  stretched  membrane. 

The  fact  is,  that  the  membrana  tympani  is  by  no  means  evenly 
stretched,  and  this  is  due  partly  to  its  slightly  fnnnel-like  form,  and 
partly  to  its  being  connected  with  the  chain  of  auditory  ossicles.  Far- 
ther, if  the  membrane  were  quite  free  in  its  centre,  it  would  go  oa 
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ribrating  as  a  drum  does  some  time  after  it  h  etnick,  and  oach  sound 
rould  be  prolonged,   leuding  to  considerable  confusion.     This  evil  ib 
obviated  by  tbe  ear-bones,  which  check  the  continuance  of  the  vibrations 
l^like  the  **  dampers'"  in  a  pianoforte. 

The  ossicles  of  the  ear  are  the  better  conductors  of  the  sonorous  vi- 
tirations  eommimicated  to  them,  on  account  of  being  isolated  by  an 
itniosphere  of  air,  and  not  continuous  with  the  bones  of  the  cnminm; 
for  every  solid  body  thus  isolated  by  a  different  medium,  propagates 
ribrations  with  more  intensity  through  its  own  substance  than  it  com- 
lunicates  them  to  the  surrounding  medium,  which  thus  prevents  a 
lepression  of  the  sound;  just  as  the  vibrations  of  the  air  in  the  tubes 
Ineed  for  conducting  the  voice  from  one  apartment  to  another  are  pre- 
rented  from  being  dispersed  by  the  solid  walls  of  the  tube.  The  vibra- 
tions of  the  membrana  tympani  are  transmitted,  therefore,  by  the  chain 
*f  ossicula  to  the  fenestra  oval  is  and  fluid  of  the  labyrinth,  their  diBj)er- 
lion  in  the  tympanum  being  prevented  by  the  difficulty  of  the  transition 
>f  vibrations  from  solid  to  gaseous  bodies. 

The  necessity  of  the  presence  of  air  on  the  inner  side  of  the  mem* 
[brana  tympani,  in  order  to  enable  it  and  the  ossicula  auditus  to  fulfil  the 
[objects  jtist  described,  is  obvious.  Without  this  provision,  neither 
Iwould  the  vibrations  of  the  membrane  be  free,  nor  the  chain  of  bones 
lisolated,  BO  as  to  propagate  the  souorons  undulations  with  concentration 

af  their  intensity-  But  while  the  oscillations  of  the 
I  membrana  tympani  are  readily  communicated  to  the  air 
tin  the  cavity  of  the  tympanum,  those  of  the  solid  ossi- 
[cuhi  will  not  be  conducted  away  by  the  air,  but  will  be 
propagated  to  the  labyrinth  without  being  dispersed  in 
[the  tympanum. 

The  propagation  of  sound  through  the  ossicula  tym- 
Ipani  to  the  labyrinth,  must  be  affected  either  by  oscil- 
[lations  of  the  bones,  or  by  a  kind  of  molecular  vibration 
jrof  their  particles,  or,  most  probably,  by  both  these  kinds 
[of  motion. 

It  has  been  shown  that  the  existence  of  the  mem- 
ibrane  over  the  fenestra  rotunda  will  permit  approxima- 
[tion  and  removal  of  the  stapes  to  and  from  the  laby- 
[rinth.  When  by  the  stapes  the  membrane  of  the 
[fenestra  ovalis  is  pressed  toward  the  labyrinth,  the 
'  membrane  of  the  fenestra  rotunda  may,  by  the  pressure  communicated 
through  the  fluid  of  the  labyrinth,  be  pressed  toward  the  cavity  of  the 
I  tympanum. 

The  long  process  of  the  malleus  receives  the  undulations  of  the  mem- 
I  brana  tympani  (fig*  405,  «,  a)  and  of  the  air  in  a  direction  indicated  by 
42 


Fijpr.  4m.  -Dill' 
eram  U>  iUiistrate 
Uie  action  of  t  he  oe- 
tides  Df  the  middle 
ear  In  thi*  conduc- 
tion of  sunnd  to  tlie 
intycmal  ear. 
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the  arrows,  nearly  perpendicalar  to  itself.     From  the  long  procea  ej  ■ 
the  malleus  they  are  propagated  to  its  head  {h)  i  thence  into  the  incofi  (r), 
the  loDg  process  of  which  la  parallel  with  the  long  process  of  the  maUem 
From  the  long  process  of  the  incus  the  undulations  are  communicated 
to  the.  stapes  (c?),  which  is  united  to  the  incus  at  right  angleB.    TU 
several  changes  in  the  direction  of  the  chain  of  bones  have,  however,  no 
inJiuencc  in  changing  tho  character  of  the  undulations,  which  remain  th« 
same  as  in  the  meatus  externus.     From  the  long  process  of  the  malleiiE^ 
the  undulations  are  communicated  by  the  stapes  to  the  fenestra  ovaiii 
in  a  perpendicular  direction. 

Increasing  tension  of  the  membrana  tympani  diminishes  the  facUiij 
of  transmission  of  soooroua  undulations  from  the  air  to  it. 

The  dry  membrana  tympani,  on  tho  approach  of  a  body  emits  a  loud 
sound >  rejects  particles  of  sand  strewn  upon  it  more  strongly  when  In 
than  when  very  tense;  and  it  lias  been  inferred,  therefore,  that  hearing 
is  rendered  less  acute  by  increasing  the  tension  of  the  membrana 
pani. 

The  pharyngeal  orifice  of  the  Enstaohian  tube  is  asually  shut; 
ing  swallowing,  however,  it  is  opened;  this  may  be  shown  as  follows^ 
If  the  nose  and  mouth  be  closed  and  the  cheeks  blown  out,  a  sense 
preasure  ia  produced  in  both  ears  the  moment  we  swallow;   this  is  dae» 
doubtless,  to  the  bulging  out  of  the  tympanic  membrane  by  the  com- 
pressed  air,  which  at  that  moment  enters  the  Eustachian  tube. 

Similarly  the  tympanic  membrane  may  be  pressed    in   by  rarelji 
the  air  in  the  tympanum.     This  can  be  readily  accomplished  by  di 
the  mouth  and  nose,  and  making  an  inspiratory  efiFort  and  at  the 
time  swallowing.      In  both  cases  the  sense  of  hearing   is  temporarily 
dulled;  proving  that  equality  of  pressure  on  both  sides  of  tho  tympanic 
membrane  is  necessary  for  its  full  efficiency. 

The  principal  office  of  the  Eustachian  tube  has  relation  to  the  pre- 
vention of  these  eticcts  of  increased  tension  of  the  membrana  tympam. 
Its  existence  and  openness  will  provide  for  the  maintenance  of  the  equi- 
librium between  the  air  within  tho  tympaiium  and  the  external  air,  so 
as  to  prevent  the  inordinate  tension  of  tlie  membrana  tympani  which 
would  be  produced  by  too  great  or  too  little  pressure  on  either  side. 
While  discharging  this  office,  however,  it  will  serve  to  render  souni 
clearer,  as  the  apertures  in  violins  do;  to  supply  the  tympanum 
air;  and  to  bean  outlet  for  mucus.  If  the  tube  were  joerwia/iew^/y o] 
the  sound  of  one's  own  voice  would  probably  be  greatly  intensified,  t 
condition  which  would  of  course  interfere  with  tho  perception  of  other 
sounds^  At  any  rate,  it  is  certain  that  sonorous  vibrations  can  be  prop- 
agated up  tlie  tube  to  the  tympanimi  by  means  of  a  catheter  in^rtad 
into  the  pharyngeal  orifice  of  the  Eustachian  tube. 
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The  influence  of  the  tensor  tympaiii  muscle  in  modifying  hearing 
may  alao  be  probably  explained  in  connection  with  the  regulation  of  the 
tension  of  the  membrana  tympani*  If,  through  retlex  nervous  action, 
it  can  be  excited  to  contraction  by  a  very  loud  sound,  then  it  is  mani- 
fest that  a  very  intense  sound  would,  through  the  action  of  this  muscle, 
induce  a  deafening  or  muffling  of  the  ears.  In  favor  of  this  supposition 
we  have  the  fact  that  a  loud  sound  excites,  by  reflection,  nervous  action, 
winking  of  the  eyelids,  and,  in  persons  of  irritable  nervous  system,  a 
sudden  contraction  of  many  muscles. 

The  exact  influence  of  the  stapedius  muscle  in  bearing  is  unknown. 
It  acta  upon  the  stapes  in  such  a  manner  as  to  make  it  rest  obliquely  in 
the  fenestra  ovalis,  depressing  that  side  of  it  an  which  it  acts,  and  ele- 
vating the  otlier  side  to  tlie  same  extent.  It  prevents  too  great  a  move- 
ment of  the  bone. 

The  fluid  of  the  labyrinth  is  the  most  general  and  constant  of  the 
acoustic  provisiouB  of  the  labyrinth.  In  all  forms  of  organs  of  hearing, 
the  sonorous  vibrations  affect  the  auditory  nerve  through  the  medium 
of  liquid^ — the  most  convenient  medium,  on  many  accounts,  for  such  a 
purpose. 

The  otoliths  in  the  labyrinth  would  reinforce  the  sonorous  vibrations 
by  their  resonance,  even  if  they  did  not  actually  touch  the  membranee 
upon  which  the  nerves  are  expanded;  but,  inasmuch  as  these  bodies  lie 
in  contact  with  the  diembranous  parts  of  the  labyrinth,  and  the  vestibu- 
lar nerve-fibres  are  imbedded  in  them,  they  communicate  to  these  mem- 
branes and  the  nerves,  vibratory  impulses  of  greater  intensity  than  the 
fluid  of  the  labyrinth  can  impart.  This  appears  to  be  their  office.  iSo- 
norous  undulations  in  water  are  not  perceived  by  the  hand  itself  immersed 
in  the  water,  but  are  felt  distinctly  through  the  medium  of  a  rod  held 
in  the  hand.  The  flue  hair-like  prolongations  from  the  epithelial  cells 
of  the  ampullae  have,  probably,  the  same  function. 

The  function  of  the  semicircular  canals  in  tlie  co-ordination  of 
movements  necessary  to  the  maintenance  of  the  equUibriuni  of  the  body 
has  already  been  indicated. 

The  cochlea  seems  to  be  constructed  for  the  spreading  out  of  the 
nerve -fibres  over  a  wide  extent  of  surface,  upon  a  solid  lamina  which 
communicates  with  the  solid  walls  of  the  labyrinth  and  cranium,  at  the 
same  time  that  it  is  in  contact  with  the  fluid  of  the  labyrinth,  and 
which,  iicsides  exposing  the  nerve-flbres  to  the  influence  of  sonorous 
undulations,  by  two  media,  is  itself  insulated  by  fluid  on  either  side. 

The  connection  of  the  lamina  spiralis  with  the  solid  walls  of  the 
labyrinth,  adapts  the  cochlea  lor  the  perception  of  the  sonorous  undula- 
tions pro|»agated  by  the  solid  parts  of  the  head  and  the  walls  of  the  laby- 
rinth.    The  membranous  labvrinth  of  the  vestibule  and  semicircular 
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canals  is  suspended  free  in  the  perilymph,  and  is  destined  more  partial- 
larly  for  the  perception  of  sounds  through  the  medium  of  that  fluid, 
whether  the  sonorous  undulations  be  imparted  to  the  fluid  throogh  tbe 
fenestrsB,  or  by  the  intervention  of  the  cranial  bones,  as  when  sooBdiiig 
bodies  are  brought  into  communication  with  the  head  or  teeth.    The 
spiral  lamina  on  which  the  nervous  fibres  are  expanded  in  the  oochkt, 
is,  on  the  contrary,  continuous  with  the  solid  walls  of  the  labyrinth,  ud 
receives  directly  from  them  the  impulses  which  they  transmit.     This  is 
an  important  advantage;    for  the  impulses  imparted   by  solid  bodies, 
have,  ccBteris  paribus,  a  greater  absolute  intensity  than  those  communi. 
cated  by  water.     And,  even  when  a  sound  is  excited  in  the  water,  the 
sonorous  undulations  are  more  intense  in  the  water  near  the  surface  ol 
the  vessel  containing  it,  than  in  other  parts  of  the  water  equally  distant 
from  the  point  of  origin  of  the  sound;  thus  we  may  conclude  that, 
ccBteris  paribus^  the  sonorous  undulations  of  solid  bodies  act  with  greater 
intensity  than  those  of  water.     Hence,  we  perceive  at  once  an  important 
use  of  the  cochlea. 

This  is  not,  however,  the  sole  office  of  the  cochlea;  the  spiral  lamina^ 
as  well  as  the  membranous  labyrinth,  receives  sonorous  impulses  through 
the  medium  of  the  fluid  of  the  labyrinth  from  the  cavity  of  the  vestibule, 
and  from  the  fenestra  rotunda.  The  lamina  spiralis  is,  indeed,  rnndi 
better  calculated  to  render  the  action  of  these  undulations  upon  the 
auditory  nerve  efficient,  than  the  membranous  labyrtuth  is;  for  as  a  solid 
body  insulated  by  a  different  medium,  it  is  capable  of  resonance. 

Tlie  rods  of  Corti  are  probably  arranged  so  that  each  is  set  to  vibrate 
in  unison  with  a  particular  tone,  and  thus  strike  a  particular  note,  the 
sensation  of  which  is  carried  to  the  brain  by  those  filaments  of  the  audi- 
tory nerve  with  which  the  little  vibrating  rod  is  connected.  The  dis- 
tinctive function,  therefore,  of  these  minute  bodies  is,  probably,  to 
render  sensible  to  the  brain  the  various  musical  notes  and  tones,  one  of 
them  answering  to  one  tone,  and  one  to  another;  while  perliaj^  the 
other  parts  of  the  organ  of  hearing  discriminate  between  the  intensities 
of  different  sounds,  rather  than  their  qualities. 

**  In  the  cochlea  we  have  to  do  with  a  series  of  apparatus  adapted  for 
performing  sympathetic  vibrations  with  wonderful  exactness.  We  hare 
here  before  us  a  musical  instrument  which  is  designed,  not  to  create 
musical  sounds,  but  to  render  them  perceptible,  and  which  is  similar  in 
construction  to  artificial  musical  histruments,  but  which  far  surpaees 
them  in  the  delicacy  as  well  as  the  simplicity  of  its  execution.  For, 
while  in  a  piano  every  string  must  have  a  separate  hammer  by  means  of 
which  it  is  sounded  the  ear  possesses  a  single  hammer  of  an  ingenious 
form  in  its  ear  bones,  which  can  make  every  string  of  the  organ  of  Corti 
sound  separately."     (Bernstein.) 


THE   SENSES. 


661 


I 


I 


I  Since  aboat  3000  rods  of  Corti  are  present  in  the  human  ear,  this 
iieonld  give  about  4U0  to  each  of  the  seven  octaves  which  are  within  the 
I  compass  of  the  ear.  Thug  about  32  would  go  to  each  mmi-ione,  Weber 
MBBerts  that  accomplished  musicians  can  appreciate  differences  in  pitch 
las  small  as  j^^th  of  a  tone.  Thus  on  the  theory  above  advanced,  the 
Indelicacy  of  discrimination  wonld>  in  this  case,  appear  to  have  reached 
its  limits. 

L  Sounds. 

Any  elastic  body,  c*^. ,  air,  a  membrane,  or  a  string  performing  « 

certain  number  of  regular  vibmtiona  in  the  second,  gives  rise  to  what 

lis  termed  a  musical  sound  or  tone.    We  must,  however,  distinguish  be* 

tween  a  musical  sound  and  a  mere  noise ;  the  latter  being  due  to  irregular 

▼i  brat  ions. 
I  Musical  sounds  are  distinguished  from  each  other  by  three  qualities 
1.  Strerifjth  or  intensity,  which  is  due  to  the  amplitude  or  length  of  the 
vibrations.  2.  Fifch,  which  depends  upon  the  number  of  vibrations  in 
a  second,  3.  QuaUty^  Color,  or  Timbre.  It  is  by  this  property  that 
w©  distinguisJi  tlie  same  note  sounded  on  two  instruments,  e.[f,^  a  piano 
and  a  fhite.  It  has  been  proved  by  Helmbottz  to  depend  on  the  number 
of  secondary  tonea,  termed  harmonics^  which  are  present  with  the  pre- 
dominating or  fundamental  tone. 

It  would  tippcar  that  two  impulses,  which  are  equivalent  to  four  single 
or  half  vibrations,  are  sufficient  to  produce  a  definite  note,  audible  as 
fiuch  through  the  auditory  nerve. 

The  maximum  and  minimum  of  the  intervals  of  successive  impulses 
«till  appreciable  through  the  auditory  nerve  as  determinate  sounds,  have 
been  determined  by  Savart.  If  their  intensity  is  sufficiently  great, 
►nnds  are  still  audible  which  result  from  tlie  succession  of  48,000  half 
vibrations,  or  24,000  impulses  in  a  second;  and  this,  probably,  is  not 
the  extreme  limit  in  acutenesa  of  sounds  perceptible  by  the  ear.  For 
the  opposite  extreme,  be  lias  succeeded  in  rendering  sounds  audible 
which  were  produced  by  only  fourteen  or  eighteen  half  vibrations,  or 
seven  or  eiglit  impulses  in  a  second ;  and  sounds  still  deeper  might  prob- 
ably be  heard,  if  the  individual  impulses  could  be  sufficiently  prolonged. 

Direction. — The  power  of  perctjiving  the  direction  of  sounds  is  not 
a  faculty  of  the  sense  of  hearing  itself,  but  is  an  act  of  the  mind  judging 
on  experience  previously  acquired.  From  the  modifications  which  the 
sensation  of  sound  undergoes  according  to  the  direction  in  which  the 
sound  reaches  us,  the  mind  infers  the  position  of  the  sounding  body. 
The  only  true  guide  for  this  inference  is  the  more  intense  action  of  the 
sound  upon  one  than  upon  the  other  ear.  But  even  here  there  is  room 
for  much  deception,  by  the  influence  of  reflexion  or  resonance,  and  by 
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canalB  is  Buspended  free  in  the  perilymph,  and  is  destined  more  particu* 
larly  for  the  perception  of  sounds  through  the  medium  of  that  fluid, 
whether  the  sonorous  undulations  be  imparted  to  the  fluid  through  this 
fenestras,  or  by  the  intervention  of  the  cranial  bones,  as  when  aouading 
bodies  are  brought  into  coninmuication  with  the  head  or  teeth.  The 
spiral  lamina  on  which  the  nervous  fibres  are  expanded  in  the  cochlei« 
is,  on  the  contrary,  continuous  with  the  solid  walls  of  the  labyrinth^  and 
receives  directly  from  them  tlie  impulBes  which  they  transmit.  This 
an  important  advauttigc;  for  the  impulises  imparted  by  solid  bodiea^ 
have,  cmterU  paribus^  a  greater  absolute  intensity  than  those  communi- 
cated by  water.  And,  even  when  a  sound  is  excited  in  the  water,  the 
souarona  undulations  are  more  intense  in  the  water  near  the  sarface  uf 
the  vessel  containing  it,  tlian  iu  other  parts  of  the  water  equaUy  di 
from  the  point  of  origin  of  the  sound;  thus  wo  may  conclude 
cmlerts  paribus^  the  sonorous  undulations  of  solid  bodies  act  with 
intensity  than  those  of  water.  Hence,  we  perceive  at  once  an  impoi 
use  of  the  cochlea. 

This  is  not,  however,  the  sole  office  of  the  cochlea;  the  spiral  lami 
as  well  as  the  membranous  labyrinth,  receives  sonorous  impulses  through' 
the  medium  of  the  fluid  of  the  labyrinth  from  the  cavity  of  the  vestibtilef 
and  from  the  fenestra  rotunda.     The  lamina  spiralis  is,  indeed,  aiu 
better  calculated  to  render  the  action  of  these  undulations  upon 
auditory  nerve  efficient,  than  the  membranous  labyrtnth  is;  for  aaa 
body  insulated  by  a  different  medium,  it  is  capable  of  resonance. 

The  rods  of  Corti  are  probably  arranged  so  that  each  is  set  to  vi 
in  unison  with  a  particular  tone,  and  thus  strike  a  particular  note^ 
sensation  of  which  is  carried  to  the  brain  by  those  filaments  of  the  aadi 
tory  nerve  with  which  the  little  vibrating  rod  is  connected.  The  dii- 
tinctive  function,  therefore,  of  these  minute  bodies  is,  probably,  i*i 
render  sensible  to  the  brain  the  various  musical  notejs  and  tone%  one  of 
them  answering  to  one  tone,  and  one  to  another;  while  perhapa  lli^ 
other  parts  of  the  organ  of  hearing  discriminate  between  the  inletiaitifli 
of  different  sounds,  rather  than  their  qualities. 

''  Iu  the  cochlea  we  have  to  do  with  a  series  of  apparatoa  adapted  for 
performing  sympathetic  vibrations  with  wonderful  exact&eas.  W©  fatfit 
here  before  us  a  musical  instrument  which  is  designed^  not  to  create 
musical  sounds,  but  to  render  them  perceptible,  and  which  is  similar  in 
construction  to  artificial  musical  instrnments,  but  which  far  mirftmm 
them  in  the  delicacy  as  well  as  the  simplicity  of  iti  execution,  Foi, 
while  in  a  piano  every  string  must  have  a  separate  hammer  by  m««iiiof 
which  it  is  sounded  the  ear  poaaesses  a  single  hammer  of  an  ingenJoaf 
form  in  its  ear  bones,  which  can  make  every  string  of  the  organ  ol  Oorti 
8ouud  separately. "     ( Bernstein. ) 
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tho  propagation  of  sound  from  a  distance,  without  loss  of  intensity, 
through  curved  conducting  tubes  filled  with  air.     By  mean's  of  such  tobes^ 
or  of  solid  conductors,  which  convey  the  sonorous  vibrations  from  their 
source  to  a  distant  resonant  body,  sounds  may  be  made  to  appear  to  orig- 
inate in  a  new  situation.     The  direction  of  sound  may  also  be  judged 
of  by  means  of  one  ear  only;  the  position  of  the  ear  and  head  being 
varied,  so  that   the  sonorous  undulations  at  one  moment  fall  upon  Uie 
ear  in  a  perpendicular  direction,  at  another  moment  obliquely.    But 
when  neither  of  these  circumstances  can  guide  us  in  distinguishing  the 
direction  of  sound,  as  when  it  falls  equally  upon  both  ears,  its  aonroe 
being,  for  example,  either  directly  in  front  or  behind  us,  it  becomes 
impossible  to  determine  whence  the  sound  comes. 

Distance. — The  distance  of  the  source  of  sounds  is  not  recognized  by 
the  sense  itself,  but  is  inferred  from  their  intensity.  The  sense  itself  i» 
always  seated  but  in  one  place,  namely,  in  our  ear;  but  it  is  interpreted 
as  coming  from  an  exterior  soniferous  body.  When  the  intensity  of  the 
voice  is  modified  in  imitation  of  the  effect  of  distance,  it  excites  the 
idea  of  its  originating  at  a  distance.  Ventriloquists  take  advantage  of 
the  difficulty  with  which  the  direction  of  sound  is  recognized,  and  ako 
the  influence  of  the  imagination  over  our  judgment,  when  they  direct 
their  voice  in  a  certain  direction,  and  at  the  same  time  pretend,  them- 
selves, to  hear  the  sounds  as  coming  from  thence. 

Intensity, — By  removing  one  or  several  teeth  from  the  toothed  wheel 
the  fact  has  been  demonstrated  that  in  the  case  of  the  auditory  nerre, 
as  in  that  of  the  optic  nerve,  the  sensation  continues  longer  than  the  im- 
pression which  causes  it;  for  a  removal  of  a  tooth  from  the  wheel  pro- 
duced no  interruption  of  the  sound.  The  gradual  cessation  of  the  sen- 
sation of  sound  renders  it  difficult,  however,  to  determine  its  exact 
duration  beyond  that  of  the  impression  of  the  sonorous  impulses. 

So  we  see  that  the  effect  of  the  action  of  sonorous  undulations  upon 
the  nerve  of  hearing,  endures  somewhat  longer  than  the  period  during 
which  the  undulations  are  passing  through  the  ear.  If,  however,  the 
impressions  of  the  Siime  sound  be  very  long  continued,  or  constantlv 
repeated  for  a  long  time,  then  the  sensation  produced  may  continue  for 
a  very  long  time,  more  than  twelve  or  twenty-four  hours  even,  after  the 
original  cause  of  the  sound  has  ceased. 

Binaural  Senmtions, — Corresponding  to  the  double  vision  of  the 
same  object  with  the  two  eyes,  is  the  double  hearing  with  the  two  ears; 
and  analogous  to  tlie  double  vision  with  one  eye,  dependent  on  unequal 
refraction,  is  the  double  hearing  of  a  single  sound  with  one  ear,  owing 
to  the  sound  coming  to  the  ear  through  media  of  unequal  conducting 
power.  The  first  kind  of  double  hearing  is  very  rare;  instances  of  it, 
however,  have  been  recorded.     The  second  kind  which  depends  on  the 
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tineqiial  cunducting  power  of  two  media  through  which  the  same  sound 
10  trausmitti^tl  to  the  ear,  may  easily  be  experienced.  If  a  small  bell  he 
sounded  in  water,  while  the  ears  are  closed  by  plugSj  and  a  solid  con- 
ductor be  interposed  between  the  water  and  the  ear,  two  sounds  will  be 
heard  dillenug  in  intensity  and  tone;  one  being  conveyed  to  the  ear 
through  the  medium  of  the  atmosphere,  the  other  through  the  conduct- 
ing-rod- 

i<ubJ€ctivB  Semations. — Subjective  sounds  are  the  result  of  a  state  of 
irritation  or  excitement  of  the  auditory  nerve  produced  by  other  causeB 
than  sonorous  impulses.  A  state  of  excitement  of  this  nerve,  however 
induced,  gives  rise  to  the  sensation  of  sound.  Hence  the  ringing  and 
buzzing  in  the  ears  heard  by  persons  of  irritable  and  exhausted  nervous 
system,  and  by  patients  with  cerebral  disease,  or  distiase  of  the  auditory 
nerve  itself;  hence  also  tlie  noise  in  the  ears  heard  for  some  time  after  a 
long  journey  in  a  rattling,  noisy  vehicle.  Ritter  found  that  electric 
currents  also  excite  sounds  in  the  ears.  From  the  above  truly  subjective 
sound  we  must  distinguish  those  dependent,  not  on  a  state  of  the  audi- 
tory nerve  itself  merely,  but  on  sonorotis  vibrations  excited  in  the  audi- 
tory apparatus.  Sucli  are  the  buzzing  sounds  attendant  on  vascular 
congestion  of  the  heail  and  ear,  or  on  aneurisnial  dilatation  of  the  vea- 
Bels,  Frequently  even  the  simple  pulsatory  circulation  of  the  Wood  in 
the  ear  is  heard.  To  the  sounds  of  this  class  belong  also  the  buzz  or 
hum,  heard  during  the  contraction  of  the  palatine  muscles  in  the  act  of 
jaw^ning,  during  the  forcing  of  air  into  the  tymj>anuni  so  as  to  make 
tense  the  membrana  tympani,  and  in  the  act  of  blowing  the  nose,  as  well 
m  during  the  forcible  depression  of  the  lower  jaw. 

Irritation  or  excitement  of  the  auditory  nerve  is  capable  of  giving 
rise  to  movements  in  the  body^  and  to  sensations  in  other  organs  of 
sense.  In  both  cases  it  is  probable  that  the  laws  of  reflex  action,  through 
the  medium  of  the  brain,  come  into  play.  An  intense  and  sudden  noise 
excites,  in  every  person,  closure  of  the  eyelitls,  and,  in  nervous  indi- 
viduals, a  start  of  the  whole  body  or  an  unpleasant  sensation,  like  that 
produced  by  an  electric  shock,  throughout  the  body,  and  sometimes  a 
particular  feeling  in  the  external  ear.  Various  sounds  cause  in  many 
people  a  disagreeable  feeling  in  the  teeth,  or  a  sensation  of  cold  tickling 
through  the  body,  and,  in  some  people,  intense  sounds  are  said  to  make 
the  saliva  collect. 


V.  Si^ht. 


V  Anaimntj  of  I  he  Optical  Apjmralm.—Tha  ejjeVids  cousist  of  two  niov- 

I  able  folds  of  akin,  each  of  which  is  kept  in  shape  by  a  thin  plate  of 

I  yellow  elastic  tissue.      Along  their  free  edges  are  inserted  a  number  of 

I  curved  hairs  {eyelmhes)^   which,   when  the  Hds  are  half  closed,  serve 
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to  protect  the  eye  from  dust  and  other  foreign  bodies :  their  tactile  k^ 
flibility  is  also  very  delicate. 

On  the  inner  surface  of  the  elaetio  tissne  are  diflposed  a  number  of 
small  racemose  glands  (Meibomian),  whose  ducta  open  near  the  free  edgt 
of  the  lid. 

The  orbital  surface  of  each  lid  is  lined  by  a  delicate,  highly  eensitire 
mucous  membrane  (ronjunriira)^  which  is  continuous  with  the  skin  ai 
the  free  edge  of  each  lid,  and  after  lining  the  inner  surface  of  the  eyelid 
is  reflected  on  to  the  eyeball,  being  somewhat  loosely  adherent  to  the 
Bclerotic  coat.  The  epithelial  layer  is  continued  oTer  the  cornea  at  \u 
anterior  epithelium.  At  the  inner  edge  of  the  eye  the  conjunctiTi 
becomes  continuons  with  the  mucous  lining  of  the  lachryroal  sac  nod 
duct,  which  again  is  continuous  with  the  mucoud  membrane  of  the 
inferior  meatus  of  the  nose. 

The  lachrymal  glands  composed  of  several  lobules  made  up  of  acini 
resembling  the  serous  salivary  glands,  is  lodged  in  the  upper  and  outer 
angle  of  the  orbit.     Its  secretion,  which  issues  from  several  ducteon 
the  inner  atirfiice  of  the  upper  lid,  under  ordinary  circumstanoes  joat 
suffices  to  keep  the  conjunctiva  moist.     It  passes  out  through  two  snuQ 
openings  (puncta  lachrymalia)  near  the  inner  angle  of  the  eye,  one  in 
each  lid,  into  the  lachrymal  sac,  and  thence  along  the  nasal  duct  ini 
the  inferior  meatus  of  the  nose.     The  excessive  secretions  poured 
under  the  influence  of  any  irritating  vapor  or  painful  emotion  overfloi 
the  lower  lid  in  the  form  of  tears. 

The  eyelids  are  closed  by  the  contraction  of  a  sphincter  maade 
(or^i'€»iam),  supplied  by  the  facial  nerve;  the  upper  lid  is  raised  by  tie 
levator  palpebrm  superioru^  which  is  supplied  by  the  third  nerve. 

The  Eyeball. 

The  eyeball  or  the  organ  of  vision  (Sg.  401))  consists  of  a  variety  of 
structures  which  may  be  thus  enumerated: — 

The  sclerotic^  or  outermost  coat,  envelops  about  five-sixths  of  tht 
eyeball:  continuous  with  it,  in  front,  and  occupying  the  remaiDiii| 
sixth,  is  the  cornea.  Immediately  within  the  sclerotic  is  the  ch&rtAi 
coat,  and  within  the  choroid  is  the  retina.  The  interior  of  the  eyebill 
is  well-nigh  filled  by  the  aqueoHK  and  vitreous  kuniar.s  and  the  crystaUint 
lens;  but,  also,  there  is  suspended  in  the  interior  a  contractile  and  per- 
forated  curtain, — the  im,  for  reguhiting  the  admission  of  light,  and 
behind  at  the  junction  of  the  sclerotic  and  cornea  is  the  ciliary  mnscle, 
the  function  of  which  is  to  adapt  the  eye  for  seeing  objects  at  various 
distances.  fl 

Siructure  of  the  Sclerotic  CoaL — The  sclerotic  coat   is   composed  af^ 
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white  fibrous  tissue,  with  some  elastic  fibres  near  the  inner  surface, 
arranged  in  variously  dispfjsed  and  interlacing  layers.  Many  of  the 
bundles  of  fibres  cross  the  others  almost  at  right  angles.     It  is  strong. 


CIllAiT  auocl 


CiUai-v  ppoci 
Anterior  cbamber- 


Tig.  40S.  — Seclcon  of  the  ftDtprlor  fmir-flfttui  of  Uie  ey«bal1. 

tough,  and  opaque,  and  not  very  elastic.  It  is  separated  from  the 
choroid  by  a  considerable  lymphatic  space  {perivharoidai)^  and  this  is  in 
connection  with  smaller  spaces  lined  with  endothelium  in  the  sclerotic 
coat  itself.  There  is  a  lymphatic  space  also  outside  the  sclerotic  sepa- 
rating it  from  a  loose  investment  of  connective  tissue  called  the  capsule 
4jf  Tenoji.  The  innermost  layer  is  made  up  of  loose  connective  tissue 
and  pigment-cells,  and  is  called  the  lamina  fusm. 

«       Sirueiure  of  the  Cornea, — The  cornea  is  a  transparent  membrane 
irhieh  forms  a  segment  of  a  smaller  sphere  than  the  rest  of  the  eyeball. 


Fig.  407.— VertlcftI  section  of  riibliitrn  conivii,     «,  Aot^Hor  epltheUum,  Bbowing  the  dUTerent 
of  tho  oelb  At  various  apptlis  from  the  free  surf&ce;   b,  fMirtion  of  the  subntBUt!!- of 
OOoln.) 


and  islet  in,  as  it  were,  into  the  sclerotic  with  which  it  is  continuous 
all  round.     It  is  covered  by  laminated  epithelium  (a,  fig.  407),  consist- 
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ing  of  seven  or  eight  layers  o£  cells,  af  which  the  superficial  ones  are 
flattened  and  scaly,  and  the  deeper  ones  more  or  leas  columnar.  Imme- 
diately beneath  this  is  the  anterior  elastic  lamina  of  Bowmaji,  whidi 


^     / 


^\    /    ( 


Fly.  406.— HortxmitA]  mptrtttltiti  of  eomeft  of  frog;  slumliife  tlie  Botworlt  of  1 

corpuacleii.    The  ground  subotaooe  la  complet«ljr  colorl««.     x  400,  cCleiii.^ 

diners,  only  in  being  more  condensed  tissue,  from  the  general  straotore 
of  the  cornea  or  cornea  proper. 

This  latter  tissue,  as  well  as  its  epithelium  is,  in  the  ad  nit,  com- 
pletely destitute  of  blood-vesacla ;  it  consists  of  an  intercellular  ground- 
substance  of  rather  obscurely  fibrillat^d  fattened  bundles  of  coDDecitT#| 
tissue,  arranged  parallel  to  the  free  surface,  and  forming  the  boundarieft 
of  branched  anastomosing  spaces  in  which  the  cornea-corpascles  lie. 
These  branched  comea^corpusclea  have  been  seen  to  creep  by  amc^id 


Fl|r,  400.— 8nrfaoe  view  of  pftrt  of  lumHlA  r»f  klttCTj's  cr 
polMdi  ftad  thoo  with  nitrate  of  ■ilv«r. 
their  gmnulAr  protoplasm  and  \axt'^  -> 
Smith.; 


i^By   MUm   methfxl  th*- 


movement  from  one  branchiid  apiico  into  another.     At  i 
face  the  cornea  is  limited  hy  \X\^  posterior  elofttic  lamint^    : 
of  Desc^mei^  similar  in  structure  to  the  anterior  elastic  lajnina,  tl 
layer  of  which  consiatsof  a  single  stratum  of  epithelial  cells  {(xg,  410,  J|. 
Jferves. — The  nerves  of  the  cornea  are  both  large  and  numerous:  thej 


are  dt^rivLnl  from  the  ciliary  nerves.  Tliey  traverse,  the  substance  of  the 
cornea,  in  wliieh  some  of  thera  near  the  anterior  surface  break  np  into  axis 
cylinders,  and  their  primitive  fibrillaB.  The  latter  form  a  plexus  imme- 
diately beneath  the  epithelium,  from  which  delicate  fibrils  pass  up 
between  the  cells  anastomosing  with  horizontal  branches,  and  forming  a 
deep  intra-epithelial  plexus,  from  which  still  finer  fibres  ascend*  till  near 
the  surface  they  form  a  superficial  intra-epithelial  net-work.  Most  of 
the  primitive  fibrilhi?  have  a  beaded  or  varicose  appearance.     The  cornea 


Fig.  4!0. 


Ff|r.  411, 


FIr.  410.  —  V^pttlicttl  section  of  mbbSt'it  cornea^  Ettuined  with  gold  cliloride.  <?,  LamloJited 
anterior  epithelium.  Iiiiiiit»<l1att*ly  lifiitmth  thJs  la  the  anterior  euuitic  lamina  of  Bowman.  «, 
Kerve^  fnimlnjg  a  ilelieute  sub-epitht^llAl  plt^xiiii,  and  simdlng  up  flue  twigs  betweeo  the  eptlthcllal 
ceUs.  hj  eod  in  a  second  [ilcxim  «n  ihe  fi>»c  tnirface:  d,  Deeeemet's  membrane,  coasistiujic  of  a 
fine  eluxtii-  lavcr,  and  a  single  layer  of  epithelial  itdls;  the  sobstance  of  the  cornea,  /,  in  se<cQ 
tit  1m '  fH>i"illat»%i,  ami  contalia  many  layers  of  branched  corpuscles,  arraniTed  parallel  to  the*  free 
aurface,  iind  here  iHM'Q  tHliiTewlse.     (Bcliofleld.  > 

Fig,  411," S»H"tii'jn  throiiR-b  th(*  choroid  cuat  of  the  human  eye.  Inelastic  membrane,  stnu:* 
turelpss  or  lln<*l)'  lltfriillatcd:  if,  choHo-cdiiillaria  or  tyuica  Ruysctilaiia:  a,  Proper  Bube^taooe  of 
the  choroid  with  liiriyje  vessels  cut  throygli;  4,  Buiirucboroidea;  5,  sclerotic.       (Bchwalbo.} 

has  no  hlood- vessels  penetniting  ita  structure,  nor  yet  lymphatic  yeeaelft 
proper.  It  is  nourished  by  the  circulation  of  lymph  in  the  epaces  in 
which  the  eoniea  corpuscles  lie.  These  communicate  freely  and  form  a 
lymph-canalicular  system* 

Sirurinre  of  the  Chonnd  Coat  {fifnim  vasculosa). — This  coat  is 
attiiched  to  the  inner  layer  of  the  sclerotic  in  front  at  the  corn eo- scleral 
junction  and  behind  at  the  entrance  of  the  optic  nerve,  elsewhere  it  is 
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connected  to  it  only  by  loose  connectiYe  tissue.  Its  external  coat  u 
formed  chiefly  of  elaetic  fibres  and  large  pigment  corpuBclei  looeelf 
arranged  and  containing  lymphatic  spaces  lined  with  endothelium.  Thii 
18  the  suprachoroidea.  More  Internally  is  a  layer  of  arteries  and  veim 
arranged  in  a  system  of  venous  whorls,  together  with  elastic  fibres  mi 


FifT.  412— Section  Uirouicb  the  ej©  CMrfed  throuRh  the  ciUary  proocBBes.     1,  Coraeaj  2,  !"^  j 
brant*  of  l>esceiiiet ;  S.  euL-Ierotie;   8%  eom<Mi- scleral  junction;   4,  canal   of  BchleimD:  a^  '^i^J 
DUclf^Ateil  n«*twork  on    inner   wall  of  canal   of  fk:hlpmm'  7,  lig.  peotlnAttim    iridia,  abci  8,  wm* 
stroma;   9.  piKzneut  «f    iris;    U\  ciliary   proeeasrs;    11,  ciliary   muscle:;    12,  choroid  ^;^"<i^;   Hi 
merldloijal  and  14,  radiating  fitirea  of  cfnary  muscle;  15,  ring  muscle  of  Mflller;  lo,  drculirflf 
an^lor  bundle*  of  ciliary  muacle.     (SchwaJbe.) 

pigment  cells.  The  lymphatics,  too,  are  well  developed  around  th« 
blood-vessels,  and  there  are  besides  distinct  lymph  spaces  lined  with  en- 
dothelinm.  Internally  to  this  is  a  layer  of  fine  capillaries,  very  dense  and 
derived  from  the  arteries  of  the  outer  coat  and  ending  in  veins  in  thit 
coat.  It  contains  corpuscles  without  pigment,  and  lymph  spaces  which 
surround  the  blood-vessels  (nmnbrmm  vhorio-capiUaris)*  It  is  sepeirated 
from  the  retina  hy  a  fine  elastic  membrane  {mmnbrane  of  Brnch)^  whidi 
is  either  structureless  or  finely  fibrillated. 

The  choroid  coat  ends  in  front  in  what  are  called  the  ciliary  pn 
(fig.  412).  These  consist  of  from  70  to  80  meridionally  arnmgcd 
radiating  plaits,  which  consist  of  blood-vessels,  fibrous  connective  tissoe, 
and  pigment  corpuscles.  They  are  lined  by  a  continuation  of  the  mem- 
brane of  Broch.  The  ciliary  processes  terminate  abruptly  at  the  margin 
of  the  lens.  The  ciliary  muscle  (13,  14  and  15,  fig.  412),  which  may  be 
considered  to  form  part  of  the  processes,  is  situated  between  tk 
sclerotic  (at  the  eorneo-scleral  junction)  and  the  folds  of  the  ciliary 
processes.  It  is  a  ring  of  muscle,  3  mm.  broad  and  8  mm.  thick,  made 
up  of  fibres  running  in  two  or  three  directions,  {a)  Meridional  fibre* 
near  the  sclerotic  and  passing  to  the  choroid;  {b)  radial  fibres,  passing 
toward  the  centre;  and  (c)  circular  fibres,  more  internal,  and  constitnt- 
ing  the  so-called  ciliary  aphineter. 

The  Iris, — The  iris  is  a  continuation  of  the  choroid  inward  beyond 


whi^j 
rsoged* 
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the  ciliarT  processes.  It  is  a  fibro-muscular  membraDe  perforated  by  a 
central  apcrtnro,  the  pupiL  It  is  nmde  up  chieiy  of  blood-vessels  and 
connective  tisBue  with  pigment  and  unstriated  muscle. 

Poeteriorly  are  two  layers  of  pigment  cc4k  (wit^),  in  which  are  repre- 
sented the  two  layers  of  cells  of  which  the  optic  vesicle  is  originally 
formed,  and  behind  w^hich  are  the  retina  proper  and  itd  pigment  layer. 
In  the  iris  representativos  of  both  layers  are  deeply  pigmented.  The 
structure  of  the  iris  proper  is  nnyie  of  connective  tissue  in  front  with 
corpuscles  which  may  or  may  not  be  pigmented,  and  behind  of  sin^ilar 
tissue  supporting  blood-vessels  incloaed  in  connective  tisane.  The  pig- 
ment cells  are  usually  well  developed  here,  as  are  also  many  nerve-fibres 
radiating  toward  the  pupil  Surrounding  the  pupil  is  a  layer  of  circu- 
lar nnstriped  muscle,  the  Hpltinetvr  pupillw.  In  some  animals  there  are 
also  muscle-fibres  which  radiate  from  the  sphincter  in  the  substance  of 
the  iris  forming  the  dilator  pitpiUw,  The  iris  is  covered  anteriorly  by 
a  layer  of  endothelium  continned  upon  it  from  the  posterior  surface  of 
the  cornea;  posteriorly  there  is  a  very  fine  layer  which  is  a  continuation 
of  the  membrana  limitans  interna  of  the  retina. 

The  Lefts, — The  lens  is  Bituated  behind  the  iris,  being  inclosed  in  a 
distinct  capsule,  the  posterior  surface  of  which  is  less  thick  than  the 
anterior.  It  is  supported  in  place  by  the  suspensory  ligament,  fused 
to  the  anterior  surface  of  the  capsule.  The  suspensory  ligament  is 
derived  from  the  hyaloid  membrane,  which  incloses  the  vitreous  humor. 

Siniciure. — The  lens  is  made  up  of  a  series  of  concentric  laminse 
(fig.  414),  which  when  it  has  been  hardened,  can  be  peeled  off  like  the 


1  i^,  m. 


Fig.  414. 


FIjC'  4l»,— €Uiary  processes,  a#  swn  from  l>ehtnd.  1,  posterior  surface  of  Uie  iris,  wlOi  the 
sphincter  niuBcle  of  tlie  pupU ;  3,  anterior  part  of  Ui*?chyrol(l  coat;  3,  one  of  the  eili&ry  prc^cesaes, 
of  wlilcH  oibout  w^v«*ia,ty  are  reprew^uted,     ^ 


„ „.    ^._. The  taml nee  ni^  Kplit  un  after  Imrd' 

"the  denser  ct^ntrai  piu-t  or  nu<;lou8;  2^  the  sueceaaire  external  lAy«"* 


FiK  414. -Laminated  »tructurt*  of  tln^  crystalline  lenfl. 
entng:  in  ak'^bol 
(Arnold,) 


X4. 


leavm  of  an  onion.     The  laminie  consist  of  long  ribbon -ah  aped  fibres, 
which  in  the  eourae  of  development  have  originated  from  cells. 


U 
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The  lens  itself  is  made  up  of  transparent  longitudinal  fibres,  bexag- 
onal  and  prismatic,  thickened  posteriorly.  Those  fibres  at  the  cortex 
have  nuclei  and  are  smooth,  those  near  the  centre  are  without  nuclei 
and  have  serrated  edges.  The  fibres  are  united  together  by  a  scantj 
amount  of  cement  substance. 

The  arrangement  is  such  that  no  fibres  run  the  whole  half  of  the 
lens,  from  front  to  back,  since,  if  a  fibre  starts  near  the  anterior  pole, 
its  other  end  is  far  from  the  posterior  pole  (fig.  415.) 

The  epithelium  of  the  lens  consists  of  a  layer  of  cubical  cells  anteriorly, 
which  merges  at  the  equator  into  the  lens  fibres.  The  development  of 
the  lens  explains  this  transition.  The  lens  at  first  consists  of  a  closed 
sac  composed  of  a  single  layer  of  epithelium.  The  cells  of  the  posterior 
part  soon  elongate  forward  and  obliterate  the  cavity,  the  anterior  cells  do 


Tig.  416.~M6ridioiiAl  section  through  the  lens  of  a  rabbit    1,  Lens  capsule:  2.  epithelium  of 
lens;  8,  transition  of  the  epithelium  into  the  fibres;  4,  lens  flbrea     Cotwuchin.^ 

not  grow,  but  at  the  edge  they  become  continuous  with  the  posterior 
cells,  which  are  gradually  developed  into  fibres.  The  lens  contains 
globulin  or  crystallin,  but  no  native-albumin;  it  also  contains  choles- 
terin.  The  capsule  is  a  homogeneous  transparent  elastic  membrane. 
The  hardest  portion  of  the  lens  is  that  which  is  most  internal.  It  forms 
the  so-called  7iucleus  of  the  lens  (fig.  414,  1). 

Corneoscleral  junction, — At  this  junction  the  relation  of  parts  (fig. 
412)  is  so  important  as  to  need  a  short  description.  In  the  neighbor- 
hood, the  iris  and  ciliary  processes  join  with  the  cornea.  The  proper 
substance  of  the  cornea  and  the  posterior  elastic  lamina  become  continuous 
with  the  iris,  at  the  angle  of  the  iris,  and  the  iris  sends  forward  processes 
toward  the  posterior  elastic  lamina,  forming  the  Ugamentum  peciinaivm 
iridiSy  and  these  join  with  fibres  of  the  elastic  lamina.  The  endothelial 
covering  of  the  posterior  surface  of  the  cornea  is,  as  we  have  seen,  con- 
tinuous over  the  front  of  the  iris.  At  the  iridic  angle,  the  compact 
inner  substance  of  the  cornea  is  looser,  and  between  the  bundles  are 
lymph  spaces  filled  with  fluid,  called  the  spaces  of  Fontana,  They  are 
little  developed  in  the  human  cornea.  Where  the  cornea  and  sclerotic 
join,  there  is  an  intermediate  part  which  resembles  both,  but  which  is 
still  not  transparent,  as  the  internal  part  remains  scleral  in  structure. 

The  spaces  which  are  present  in  the  broken  up  bundles  of  corneal 
tissue  at  the  angle  of  the  iris,  are  continuous  with  the  larger  lymphatic 
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space  of  the  anterior  chamber.  Above  the  angle  at  the  corneo-scloral 
junction  is  a  canal,  which  is  called  tht^  canal  of  Schknim,  It  is  a  lym- 
phatic channel,  but  appears  to  be  in  communication  with  blood-vessels, 
jm  it  may  be  under  certain  circumstances  filled  w^ith  blood* 

Sintdure  of  the  ReiimL — The  retina  {tig:  41*j)  is  a  delicate  membrane, 
concave  with  the  concavity  directed  forward  and  apparently  ending  in 
front,  near  the  outer  part  of  the  ciliary  processes,  in  a  finely  notched 
edge, — the  ora  serraia,  but  really  represented  to  the  very  margin  of  the 
piipih  Semitransparent  when  fresh,  it  soon  becomes  clouded  and  opaque, 
with  a  pinkish  tint  from  the  blood  in  its  minute  vessels.  It  reeults  from 
the  sudden  spreading  out  or  expansion  of  the  optic  nerve,  of  whose  ter» 


t 


FiR.  416.— A  9«^ion  of  the  retina,  cboroirt.  and  part  of  the  sclerolfc,  moderatolv  magnlfled: 
rt,  membranalimUAiifl  interna:  fr.  nerre-flbrp  layer  traverwd  by  MflUer**  Rustfnlai-Hilar  fibres  (of 
the  wiuiiectivetissu(*sy»t<?ni);r,  KanRUonMrell  layer;  d.  molwmlar  layer;  e.  inti*rnal  nuch=?ar  laver ; 
/,  iiitt?rnuglrar  layor-  g,  external  niiclffar  lay^-r;  K  membnwift  timltanii  externa,  running  aloiiK 
thf"  l«.iwer  part  of  i,  the  layer  of  rcMls  and  cone«:  k,  pljenuont  c^U  layer;  /m,  internal  and  external 
vascular  portions  of  the  ctiurolfl,  the  first  contHaluitig  capUlarics,  tJie  second  larger  blood -▼©•ol% 
cut  in  traosvfrse  section;  n,  sclerotie,     (W.  Pye.) 

minal  fibres,  apparently  deprived  of  their  external  white  Bubstance,  to- 
gether with  nerve  celle,  it  is  essentially  composed. 

Exactly  in  the  centre  of  the  retina  is  a  round  yellowish  elevated  apot, 
about  ^  of  an  inch  (1  mm.)  in  diameter,  having  a  minute  depression  in 
the  centre,  called  after  ite  discoverer  the  macula  lutea,  or  i/ellmv  spot  of 
Swmtneriiig,  The  minute  depression  in  its  centre  is  called  the  fovea 
centralis.     About  y\  of  an  inch  (2*5  mm.)  to  the  inner  side  of  the  yel- 
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low  spot,  is  the  point  at  which  the  optic  nerve  enters  the  eyehall,  and 
begins  to  spread  out  its  fibres  into  the  retina. 

The  optic  nerve  passes  forward  from  the  ventral  sarface  of  the  oer»> 
brum  toward  the  orbit  inclosed  in  prolongations  of  the  membranes,  tht 
dura  mater,  arachnoid  and  pia  mater,  which  cover  the  brain.  The 
external  sheath  at  the  entrance  of  the  nerve  into  the  eyeball  beoonMi 
oontinuous  with  the  sclerotic,  which  at  this  part  is  perforated  by  holeg 
to  allow  of  passage  of  the  optic  nerve  fibres  and  the  pia  mater  witii 
the  choroid,  the  perforated  part  being  the  lamina  cribrosa.  The 
pia  mater  here  becomes  incomplete,  and  the  subarachnoid  and  the 
superarachnoid  spaces  become  continuous.  The  pia  mater  sends  in  pro- 
cesses into  the  nerve  to  support  the  fibres.  The  fibres  of  the  nerre 
themselves  are  exceedingly  fine,  and  are  surrounded  by  the  myelin  sheath, 
but  do  not  possess  the  ordinary  external  nerve  sheath.  As  they  pass  into 
the  retina  they  lose  their  myelin  sheaths  and  proceed  as  axis  cylinder 
Neuroglia  supi^rts  the  nerve  fibres  in  the  optic  nerve  trunk.  In  the 
centre  of  the  nerve  is  a  small  artery,  the  arteria  centralis  retina.  The 
number  of  fibres  in  the  optic  nerve  is  said  to  be  upward  of  500,000. 
The  axis  cylinders  pass  on  to  the  retina,  turning  over  the  edges  rf 
the  porus  opticus^  to  be  distributed  on  the  inner  sarface  of  the  retina, 
as  far  as  the  ora  serrata,  as  a  layer  of  optic  nerve-fibres,  and  separated 
from  the  hyaloid  membrane  which  contains  the  vitreous  humor  to  be 
presently  described,  by  a  very  thin  layer,  the  membrana  limitans  interzuL 

The  retina  consists  of  certain  nervous  elements  arranged  in  several 
layers,  and  supported  by  a  very  delicate  connective  tissue. 

The  following  ten  layers,  from  within  outward,  are  usually  to  be 
distinguished  in  a  vertical  section  (figs.  416,  417,  417  a). 

1.  Membrana  limitans  interna:  a  delicate  membrane  in  contact  with 
the  vitreous  humor.  This  is  formed  by  the  junction  laterally  of  the 
base  of  the  sustentandar  or  supporting  fibres  of  Mfiller^  which  appear  to 
bear  the  same  relation  to  the  retina  as  the  neuroglia  does  to  the  brain. 
The  supporting  character  of  these  fibres  may  be  seen  in  fig.  417. 

2.  Optic  nerre  fibres. — This  layer  is  of  very  varying  thickness  in 
diflPerent  parts  of  the  retina:  it  consists  of  non-medullated  fibres  which 
interlace,  and  some  of  which  are  continuous  with  processes  of  the  large 
nerve-cells  forming  the  next  layer.  The  fibres  are  supported  by  the 
sustentacular  fibres.  They  become  less  and  less  numerous  anteriorly  and 
end  at  the  ora  serrata. 

3.  Lat/er  of  ganglionic  corpuscles j  consisting  of  large  multipokr 
nerve-cells  with  large  and  round  nuclei,  sometimes  forming  a  single 
layer.  In  some  parts  of  the  retina,  especially  near  the  macula  /«/m, 
this  layer  is  very  thick,  consisting  of  several  distinct  strata  of  nerve-celk 
These  cells  lie  in  the  spaces  of  a  connective-tissue  framework.     Thej 
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are  arranged  with  their  eingle  axis  cylioder-pTocessea  inward.  Theae 
pass  into  and  are  contiDuous  with  the  layer  of  optic  nerve- fibres.  Ex- 
ternally the  cellfl  send  off  several  branched  proceases  which  pass  into  the 
next  layer  and  are  lost  to  view,  these  having  become  by  a  further 
branching,  exceedingly  fine. 

4.  Imter  molecular  layer, — This  presents  a  finely  granulated  appear- 
ance.    It  consists  of  a  punctiform  connective  tissue  traversed  hy  number- 


-^— r-i  ,ut— ^ 


Er~      Inter-nncslear 
lAyer. 


bleuta. 


Inner  molec- 
tiiar  layer. 


Fig.  m 


Tig.  417  a. 


Fig,  417,— nift^jam  showinj?  the  Huatentactilar  flbros  of  tht*  retina  flbne-t>aijket  abciw  the  ex- 
ternal lumbar  mcnihrftiie.  m,  nucleus  Of  tbd  fibrei;  r,  base  of  the  fibre.  rFritca  MacKf>ndrick, 
after  St^hr.) 

FiR.  417  JL— DlftKTiiui  showing  tbp  nerrmis  €'!etnent«  of  retina.  I,  rn^rv^  flbn*  to  gatiglinii 
eell ;  8,  procemBea  of  ganglion  c*^ll  p^ing  oiitwojxi;  3»  oerve  flbrti  [Miiitsing  dlrtx't  to  granule  In  mner 
nuclear  wyer;  4,  prot't^sa  of  gangliou  cell  to  granuJt?;  5,  fibre  frtim  cono-graault"  breaking  np 
into  flbrllB  which  are  connected  with  rod  aod  cone  tibrlls.     CFrom  MacKendriek,  after  St^hr.) 

less  very  fine  fibrillar  processes  of  the  nerve-cells  and  the  minute  branch- 
ings of  the  procesaca  of  the  nuclear  cells  of  the  next  layer. 

6.  Jnjtvr  nnekur  layer, — This  consists  chiefly  of  numerous  small 
ronnd  cells,  with  a  very  small  quantity  of  protoplasm  surrounding  a 
large  ovoid  nucleus;  they  are  genenilly  bipolar,  giving  off  one  process 
outward  and  another  inward.  They  greatly  resemble  the  ganglion  cor- 
puscles of  the  cerebellum,  and  are  of  three  kinds  at  least:  the  most 
internal,  is  small  and  round,  sending  in  several  processes  into  the  inner 
molecular,  but  none  in  tlie  other  direction;  the  central,  sends  a  long  and 
varicose  filament  to  break  up  into  minute  branchings  in  the  inner 
43 
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molecular  layer  and  two  in  th6  other  direction,  and  produce  in  thein- 
terou clear  layer  a  very  fine  plexus  of  fibrils,  while  the  external,  a  ratluf 
larger  cell  which  is  placed  with  its  long  axis  transverse,  sends  downward 
a  longaod  oblique  process  which  terminates  in  minute  branchings  at  tlie 
internal  part  of  the  inner  molecular  layer,  and  two  thick  processes  which 
end  in  a  similar  arhorescence  in  the  internnclear  layer.  BefiideBthen 
there  are  large  oval  nuclei  (fig*  417)  belonging  to  the  aufltentacular 
connective  tissue  fibres, 

6.  Inter  granular^  inter  jiudeor^  or  outer  molecular  layer, — This  layer 
closely  resembles  the  inner  molecular  layer,  but  is  much  thinner.  It 
consists  of  finely  dotted  connective  tissue  with  nerve  fibrils,  and  consists 
of  the  brancliinga  of  the  rod  and  cone  fibres  on  the  one  hand  and  of  the 
inner  nuclear  cells  on  the  other. 

7*  External  nuclear  layer . — This  layer  consists  of  small  cells  reeem* 
bling  those  of  the  internal  granular  layer;  they  have  been  classed  as  ltd 
and  cone  fibres,  according  as  they  are  connected  with  the  rods  and 
cones  respectively,  and  will  bo  described  with  them.  They  are  lodfed 
in  the  meshes  of  a  connective  tissue  framework.  Both  the  internal  and 
external  granular  layer  stain  very  rapidly  and  deeply  with  hsBmatoxylin, 
while  the  rod  and  cone  layer  remains  quite  unstained, 

8.  Membrmm  Umitani<  externu* — ^A  delicate,  well-defined  membrane, 
clearly  marking  the  internal  limit  of  the  rod  and  cone  layer,  and  made 
up  by  the  junction  of  the  base  of  the  sustentacular  fibres  extem&Df, 
Small  hair-like  processes  project  ontward  between  the  rods  and  coneBto 
support  them. 

9.  Layer  of  rods  and  cones. — This  layer  is  considered  to  be  the  most 
important  of  all  those  of  which  the  retina  consists.  It  is  believed  to  be 
continuous  directly  or  indirectly  with  the  nervous  layers  proper.  It 
consists  of  bodies  more  or  less  alike,  but  differing  in  details  somewhat, 
arranged  at  right  angles  to  the  external  limitans  membrane,  and  gnp* 
ported  by  hair-like  process  (Msket)  proceeding  from  the  latter  for  i 
€hort  distance. 

The  roc?*.— Each  rod  (fig.  417  a)  is  made  up  of  two  parts,  very  differ- 
ent in  structure,  called  the  outer  and  inner  limbs.  The  outer  limb  of  tht 
rods  is  about  30/i  long  and  2/Jt  broad,  is  transparent,  and  doubly  refnc- 
tive.  It  is  said  to  be  made  up  of  fine  superimposed  discs.  Itstaim 
with  osmic  acid  but  not  with  haematoxylin,  and  resembles  in  some  waji 
the  myelin  sheath  of  a  medullated  nerve.  It  swells  up  on  exposure  to 
light,  and  is  part  of  the  layer  in  which  the  pigment  called  visual  purpU 
is  found.  The  inner  limb  is  about  as  long  but  slightly  broader  than  th<i 
outer,  is  longitudinally  striated  at  its  outer  and  granular  at  its  inner 
part  It  stains  with  hEematoxylin  but  not  with  osmic  acid.  Each  rod 
so  constructed  is  connected  internally  with  a  rod  fibre,  very  fine,  but 


perhaps  here  and  there  varicose;  in  the  middle  of  the  fibre  is  a  nuclear 
bod}\  or  rod  granule,  striped  broadly  transversely,  and  situated  about 
the  middle  of  the  external  nuclear  layer ;  the  internal  end  of  the  rod 
fibre  terminates  in  minute  branchinga  in  the  internuclear  layer. 

TJie  cmtes, — Eaeh  cone  (fig.  417  a),  like  the  rods,  is  made  up  of  two 
limbs,  outer  and  inner.  The  outer  limb  is  tapering  and  not  cylindrical 
like  the  corresponding  part  of  the  rod,  and  about  one-third  only  of  its 
length,  but  it  resembles  this  in  structure.  There  is,  however,  no  visual 
purple  found  in  the  cone*  The  inner  limb  of  the  cone  is  broader  in  the 
centre,  each  cone  is  in  connection  by  its  internal  end  with  a  cone  fibre, 
which  has  much  the  same  structure  as  the  rod  fibre,  but  is  much  stouter 
and  has  its  nucleus  nearer  the  external  limitana  membrane.  Its  inner 
end  terminates  in  much  the  same  way. 

In  the  rod  and  cone  layer  of  birds,  the  cones  usually  predominate 
largely  in  number,  whereas  in  man  the  rods  are  by  far  the  more  numer- 
ous, except  in  the  fovea  centralis,  where  cones  only  are  present,  as  is 
the  case  at  the  anterior  part  of  the  retina  near  the  ora  serrata.  The 
number  of  cones  has  been  estimated  at  3,000,000.  In  nocturnal  birds, 
however,  such  aa  the  owl,  only  rods  are  present,  and  the  same  appears 


Fig".  IIR.— The  posterior  half  of  thp  retina  of  ibe  left  eye,  Tlewed  from  before;  *,  the  cot 
edge  of  tlie  »elerotic  cc»ot ;  ch.  the  choroid;  r»  the  retiiui;  In  the  Interior  at  the  middle  the 
axacula  lutea  with  the  depreHHion  of  th^^  foTea  centrallM  in  represented  by  a  flight  oval  jshade; 
towvd  the  left  Bide  the  Ufrht  spit  indie4ik«si  the  eollietiliiB  or  emlnf'n*?*^  at  the  entrance  of  the 
optie  nerve,  from  the  oentino  of  which  the  ftrt^^rfa  oMOtraHfl  Ih  Been  Rpreadinir  Itu  branches  into 
the  rettnA,  leaving  the  part  occupied  by  the  macula  comparatively  tre*^.    (After  Henie.) 

to  be  the  case  in  many  nocturnal  and  burrowing  mammalia,  e,g,,  bat, 
hedge^hog,  mouse,  and  mole. 

10.  Pignimit-ceU  laifer^  which  was  formerly  considered  part  of  the 
choroid.  It  consists  of  cells  M'hich  cover  and  entirely  surround  the 
outer  limbs  of  the  rods  and  cones. 

Dijferences  in  Stnidure  of  different  paris. — Toward  the  centre  of  the 
macula  In  tea  all  the  layers  of  the  retina  become  greatly  thinned  out  and 
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almost  (lisappoar,  except  the  rod  and  cone  layer^  which  considcrabh  in- 
creases in  thickness  but  at  the  fovea  centralis  comes  to  consist  almo£i 
jifintiroly  of  long  slender  cones  and  cone-fibres,  which  curve  toward  tbt 
periphery.  They  are  supported  by  neuroglia,  which  is  also  found  inter- 
nally as  a  thin  layer,  the  rods  being  absent.  There  are  capillaries  here, 
but  none  of  the  larger  branches  of  the  retinal  arteries. 

Toward  the  edge  of  the  macula  lutea,  not  only  are  all  the  layers 
present,  but  the  ganglionic  layer  consists  of  many  strata  of  cella  (7  or  8), 
and  with  this  increase  there  is  also  an  increjise  in  the  thickness  of  the 
inner  nuclear  layer.  The  cells  are  generally  bipolar.  Toward  the  centre 
the  layers  diminish  in  this  order:  optic  nerve-fibrea,  ganglionic  layer, 
inner  molecohir  layer,  and  inner  nuclear  layer.  The  rods  grow  ecaiil|| 
and  then  are  absent. 

At  the  ora  serrata  the  layers  are  not  perfect  and  disappear  in  thigj 
order:  nerve-fibrea  and  ganglion  cells,  then  the  rods,  leaving  only  tht 
inner  limbs  of  the  cones,  these  cease,  then  the  outer  molecular  layer^ 
the  inner  and  outer  nuclear  layers  coalesce,  and  then  the  inner  raolecaLirj 
layer.     The  IMiUlorian  fibres  persist. 

At  the  pars-ciHaria  retinie,  the  retina  is  represented  by  a  layer 
columnar  cells,  derived  from  the  fusion  of  the  nuclear  layers.     The  cells 
are  covered  by  the  membrana  limitans  interna,  and  externally  are  in 
contact  with  the  pigment  layers  of  the  retina,  which  is  continued  over 
the  ciliary  processes. 

TJw  chambers  of  the  et/e, — The  anferior  chamber  is  the  space  behind 
the  cornea  and  in  front  of  the  lens.  It  is  filled  with  aqueous  humor, 
which  is  essentially  a  diluted  lymph  with  a  small  amount  of  proteid  in 
it,  viz.,  of  fibrinogen,  aerum-globulin,  and  septum -album  in.  It  is  seldom 
spontaneously  coagndable.  It  contains  salts,  chiefly  sodium  chloride, 
sometimes  a  substance  which  reduces  copper  sulphate,  but  is  not  sugar, 
and  a  trace  of  urea  and  Siircolactic  acid.  There  are  no  formed  elemenU 
in  the  fluid.  It  is  stated  that  the  aqueous  humor  is  secreted  by  glands 
in  the  ciliary  region,  but  the  cavity  is  itself  obviously  a  lymph  sac. 

The  posterior  chamber,  or  that  behind  the  lens,  contains  the  ritrmu 
humor ^  which  is  a  semifluid  substance  contained  in  the  meshes  of  m 
indistinct  connective  tissue.  It  is  inclosed  in  a  distinct  membrane 
called  memhrmia  Jujaloidea^  from  the  anterior  surface  of  this  membrane 
at  tlie  ora  serrata  fibres  pass  off  to  the  back  of  the  lens  capsule,  forming 
an  incomplete  canal,  called  the  Cetnal  of  Petii^  the  membrane  itself  being 
the  Zonule  of  Zinn,  The  hyaloid  membrane  separates  the  vitreous  from 
the  retina. 

Blood-vessels  of  the  Eyeball. —The  eye  is  very  richly  supplied 
with  blood- veeeels.     In  addition  to  the  conjunctival  vessels  which 
derived  from  the  palpebral  and  lachrymal  arteries,  there  are  at  least. 
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other  distinct  sets  of  vessels  supplying  the  tunics  of  the  eyeball,  (1)  The 
vesseb  of  the  sclerotic,  choroid,  and  iris,  and  (2)  the  vessels  of  the  retina, 
( 1, )  These  are  the  short  and  long  posterior  ciliary  arteries  which  pierce 
the  sclerotic  in  the  posterior  half  of  the  eyeball,  and  the  anierior  ciliary 
wfiich  enter  Bear  the  insertions  of  the  recti.  These  vessels  an&stomoee 
■  and  form  a  very  rich  choroidal  plexus;  they  also  supply  the  iris  and 


I 


Wig.  410.-;^ectioti  througli  the  mftciilo.  lutea  and  fo^ea  centralU  of  huni&n  retina.    a«  tovK»i   b^ 
defloeut  of  the  macula  toward  forea.    Tb«  Dumbers  iDdfeatethe  laytini  of  the  retina,     (ICutmt) 

ciliary  processes,  forming  a  very  highly  vascular  circle  round  the  outer 
margin  of  the  iris  and  adjoining  portion  of  the  sclerotic* 

The  distinctness  of  these  vessels  from  those  of  the  conjunctiva  is 
well  seen  in  the  difference  between  the  bright  red  of  blood-shot  eyes 
(conjunctival  congestion),  and  the  pink  zone  surrounding  the  cornea 
which  indicates  deep  seated  ciliary  congestion. 

(2.)  The  riiinal  vesseh  (fig.  418)  are  derived  from  tlie  nHeria  cen- 
tralis reiinWj  which  enters  the  eyeball  along  the  centre  of  the  optic 
nerve.  They  ramify  all  over  the  retina,  chiefly  in  its  inner  layers. 
They  can  he  seen  by  direct  ophthalmoscopic  examination. 

The  Optical  Apparatus, 

The  optical  apparatus  may  be  supposed,  for  the  sake  of  description, 
to  consist  of  several  parts.  FiTsily^  of  a  system  of  transimrent  refract- 
ing surfaces  and  media  by  means  of  which  images  of  external  objects  are 
hronght  to  a  focus  upon  the  back  of  the  eye;  and  secondly,  of  a  sensitive 
screen,  the  retina,  which  is  a  specialized  termination  of  the  optic  nerve» 
capable  of  being  stimulated  by  luminous  objects,  and  of  sending  through 
the  optic  nerve,  such  an  impression  as  to  produce  in  the  brain  visual 
sensations.  To  these  main  parts  may  be  added,  thirdly^  an  apparatus 
for  focussing  objects  at  different  distances  from  the  eye,  called  mrommO' 
dation.  Even  this  does  not  complete  the  description  of  the  whole  organ 
of  vision,  since  both  eyes  are  usually  employed  in  vision,  iini\  fourth  ft/ ^ 
an  arrangement  exists  by  nieane  of  which  the  eyes  may  he  turned  in 
the  same  direction  by  a  system  ol  muscles,  so  that  binocular  vision  is 
possible. 
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The  arrangement  of  the  optic  nerve-fibres,  and  of  the  continuation 
of  these  backward  in  the  optic  chiasma,  and  thence  to  special  districtB  of 
the  brain,  have  already  been  discussed. 

The  eye  may  be  compared  to  a  photographic  camera^  and  the  trans, 
parent  media  corresponds  to  the  photographic  lens.  In  such  a  camera 
images  of  external  objects  are  thrown  upon  a  ground-glass  screen  at  the 
back  of  a  box,  the  interior  of  which  is  painted  black.  In  the  eye,  the 
camera  proper  is  represented  by  the  eyeball  with  its  choroidal  pigment, 
the  screen  by  the  retina,  and  the  lens  by  the  refracting  media.  In  the 
case  of  the  camera,  the  screen  is  enabled  to  receive  clear  images  of  objects 
at  different  distances,  by  an  apparatus  for  focussing.  The  corresponding 
contrivance  in  the  eye  is  the  accommodation* 

The  iris,  which  is  capable  of  allowing  more  or  less  light  to  pass  into 
the  eye,  corresponds  with  the  different  sized  diaphragms  used  in  the 
protographic  apparatus. 

Refractive  media  and  surfaces. — At  first  sight  it  would  seem  as  if  the 
refracting  apparatus  of  the  eye  were  very  complicated,  seeing  that  it 
consists  of  so  many  parts.  These  parts  are :  the  anterior  surface  of  the 
cornea  itself,  the  posterior  surface  of  the  cornea,  the  aqueous  humor, 
the  anterior  surface  of  the  lens,  the  substance  of  the  lens  itself  (which  is 
also  unequally  refractive),  the  posterior  surface  of  the  lens,  and  the  vit- 
reous humor.  Thus  there  are  four  surfaces,  and  at  least  including  the 
air,  five  media.  For  all  practical  purposes,  however,  these  may  be  re- 
solved into  a  somewhat  simpler  form,  and  the  cornea  may  be  considered 
as  one  surface,  the  anterior,  and  one  medium;  the  aqueous  and  vitreous 
humors  as  one  medium ;  the  lens,  as  two  surfaces  and  one  medium.  It 
will  bo  as  well  to  consider  the  laws  which  govern  the  refraction  of  light 
under  such  circumstances. 

In  its  simplest  form,  wo  may  consider  the  refraction  through  a  simple 
transparent  spherical  surface,  separating  two  media  of  different  density. 

The  rays  of  light  which  fall  upon  the  surface  exactly  perpendicularly 
do  not  suffer  refraction,  but  pass  through,  cutting  the  optic  axis  (OA, 
fig.  420),  a  lino  which  passes  exactly  through  the  centre  of  the  surface, 
at  a  certain  point,  the  nodal  point  (fig.  420,  N),  or  centre  of  curvature. 
Any  rays  which  do  not  so  strike  the  curved  surface  are  refracted  toward 
the  optical  axis.  Rays  which  impinge  upon  tho  spherical  surface  paral- 
lel to  the  optical  axis,  will  meet  at  a  point  behind,  upon  the  said  axis 
which  is  called  the  chief  posterior  focus  {Rg.  420,  F,) ;  and  again  there 
is  a  point  in  the  optical  axis  in  front  of  the  surface,  rays  of  light  from 
which  so  strike  the  surface  that  they  are  refracted  in  a  line  parallel  with 
the  axis  df'-^  such  a  point  (fig.  420,  F,)  is  called  the  c?iief  anterior 
focus.  The  optic  axis  cuts  the  surface  at  what  is  called  the  principal 
point. 
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It  is  quite  obvious  that  the  eye,  even  in  the  simplified  form  above 
indicated,  ie  a  much  more  complicated  optical  apparatus  than  the  one 
Ldescribed  ia  the  figure.     It  is,  however,  possible  to  reduce  the  refractive 


T\g.  490.— Dlafrr&m  of  a  simple  optlenl  sjmem  (after  TXL  Foat«r>.  The  eurred  siirfAce,  5,  d, 
w  suppo0ed  to  sppsrate  &  lesa  refractive  medium  toward  the  left  from  a  more  r^fractiTo  medium 
toward  Uie  ripht. 

surfaces  and  modia  to  a  simpler  form  when  the  refractive  indices  of  the 
different  media  and  the  curvature  of  each  surface  are  known/  All  of 
I  these  data  have  been  very  carefully  collected.     They  are  as  follows ; — 

Index  of  refraction  of  aqueous  and  vitreous  ^  L8365 

lens  .         .        .  =  1.4371 

Radius  of  curvature  of  comea  ,        .  ^  7.829  mm. 

**  **  an U'ri or  surface  of  lens  ^  tO  ** 

"  "  pmti:'rior  "  =6  ** 

Distance  from  anterior  surface  of  cornea  and 

anterior  aurface  of  lens        .         .         .         .  =  3.6        ** 
Distance  from  posterior  surface  of  cornea  and 

posterior  surface  of  lens       .        .        .        .  =  7. 3        ** 

With  these  data,  it  has  been  found  comparatively  easy  to  reduce  by 
I  calculation  the  diHerent  surfaces  of  different  curvatures,  into  one  mean 
^curved  surface  of  known  curvature,  and  the  differently  refracting  media 
into  one  mean  medium  the  refractive  power  of  which  is  known. 

The  simplest  so-called  schematic  eye  formed  upon  this  principle, 
suggested  by  Listing  m  the  reduced  eye,  has  the  following  dimensions: — 

From  anterior  surface  of  cornea  to  the  princi- 
pal ixjint =  2.3448  mm. 

From  the  nodal  point  to  the  posterior  surface 

of  li^ns      -...-.,.=  .4764  " 

Posterior  chief  focus  lies  behind  cornea  .         ,  ^  32.9287  ** 

Anterior  chief  focus  in  front  of  cornea   »         »  =  12.8826  ** 

Radius  of  curvature  of  ideal  surface  ^  5.1348  ** 


In  this  reduced  or  simplified  eye  the  principal  posterior  focus,  al>out 
23  mm.  behind  the  spherical  surface,  would  correspond  to  the  position 
of  the  retina  behind  anterior  surface  of  cornea.  The  refracting  surface 
would  be  situated  about  midway  between  the  posterior  surface  of  the 
cornea  and  the  anterior  surface  of  the  lens. 

The  optical  axis  of  the  eye  is  a  line  drawn  through  the  centres  of 
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cunrature  of  the  cornea  and  lens,  prolonged  backward  to  toach  the  ratim 
between  the  poms  opticus  and  fovea  centralis,  and  this  differs  fnmi  the 
yisual  axis  which  passes  through  the  nodal  point  of  the  reduced  eje  to 


Fig.  421.— Diagram  of  the  optical  angle. 


the  fovea  centralis;  this  forms  an  angle  of  6"*  with  the  optical  aiit. 
By  some  the  optical  axis  and  the  visual  axis  are  considered  to  be  iden- 
tical. The  visual  or  optical  angle  is  included  between  the  lines  drawn 
from  the  borders  of  any  object  to  the  nodal  point;  if  the  lines  be  pro- 


Fig.  481  A.— Diagram  of  the  method  of  the  formation  of  an  iuTerted 
upon  the  retina.    The  dotted  line  is  the  ideal  surfaoe  of  c 

longed  backward  they  include  an  equal  angle.  It  has  been  shown  by 
Helmholtz  that  the  smallest  angular  distance  between  two  points  which 
can  be  appreciated  =  50  seconds,  the  size  of  the  retinal  image  being 
3.65ai;  this  practically  corresponds  to  the  diameter  of  the  cones  at  th« 


Fig.  422.~Diagram  of  the  couree  of  araj  of  light,  to  show  how  a  blurred  or  indistinct  imace 
IS  formed  if  the  object  be  not  exactlj  focuased  upon  rKina.  The  surfaoe  C  C  should  be  sup. 
posed  to  rpprewnt  the  ideal  curvature.  The  nodal  point  should  be  nearer  the  poaterior  torfaee 
of  lens  as  in  fig.  4?1  ▲. 

fovea  centralis  which  =  S^t,  the  distance  between  the  centres  of  two  ad- 
jacent cones  being  =  4.a. 

The  image  of  an  object,  then,  is  thus  formed  upon  the  retina.    An 
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[object  may  be  considered!  as  a  series  of  points,  from  each  of  whicli  a 
locil  of  light  diverges  to  the  eye,  and  this  pencil  has  for  its  centre  or 
is,  a  ray  which  impinging  upon  the  refractive  surface  perpendicularly 
the  surface  is  not  refracted,  hut  passes  through  the  nodal  point,  and 
prolonged  backward  to  the  retina,  whereas  the  di verging  rays  are  also 
ado  to  converge  to  a  principal  posterior  focus  behind  the  lens,  or  the 
ihiof  axis  of  the  pencil  of  light  proceeding  from  the  point  iu  question, 
And  this  focus,  if  the  image  is  to  he  clear,  should  fall  on  the  retina* 

Thus  from  each  point  of  an  object  a  corresponding  image  is  formed 
on  the  retina,  so  that  an  image  of  the  distal  object  is  produced.  It  is 
an  inverted  image.  Whether  the  image  is  blurred  or  not  depends  upon 
■the  refractive  power  of  the  media,  and  upon  the  distance  of  the  anterior 
surface  of  the  cornea  from  the  retina.  If  the  refractive  media  are  too 
powerful,  or  the  eye  too  long,  the  image  is  formed  in  front  of  the  retina 
(fig.  422);  if  the  reverse,  the  image  is  formed  behind  the  retina,  and  in 
both  cases  an  indistinct  and  blurred  image  is  tlie  result. 


ACCOMMODATTOK. 

The  distinctness  of  the  image  formed  upon  the  retina,  is  mainly  de- 

Ipendent  on  the  rays  emitted  by  each  luminous  point  of  the  object  being 

Ibrought  to  a  perfect  focus  upon  the  retina.     If  this  focus  occur  at  a 

Ipoiut  either  in  front  of,  or  behind  the  retina,  indistinctness  of  vision 

Ignsues,  in  the  way  we  have  already  described,  with  the  production  of  a 

lalo.     The  foeal  distance^  Le.,  the  distance  from  a  lens  of  the  point  at 

rhich  the  luminous  rays  are  collected,  besides  being  regulated  by  the 

legree  of  convexity  Emd  density  of  the  lens^  varies  with  the  distance  of 

le  object  from  the  lens,  being  greater  as  this  is  shorter,  and  vice  versd. 

lonce,  since  objects  placed  at  various  distances  from  the  eye  can  within 

a  certain  range,  different  in  different  persons,  he  seen  with  almost  equal 

distinctness,  there  must  be  some  provision  by  which  the  eye  is  enabled  to 

adapt  itself,  so  that  whatever  length  the  focal  distance  may  he,  the  focal 

ipoint  may  always  fall  exactly  upon  the  retina. 

'  This  power  of  accommodation,  or  the  adaptation  of  the  eye  to  viman 
at  different  distanc^.^^  has  received  the  most  varied  explanations.  It  is 
obvious  tliat  the  effect  might  bo  produced  iu  either  of  two  ways,  viz.,  {a) 
by  altering  the  convexity,  and  thus  the  refracting  power,  either  of  the 
cornea  or  of  the  lens;  or  {b)  by  changing  the  position  either  of  the 
retiua  or  of  the  lens,  so  that  whether  the  object  be  near  or  distant,  the 
focal  points  to  which  the  rays  are  converged  by  the  lens  may  always  fall 
exactly  on  the  retina-  The  amount  of  either  of  these  changes,  which 
would  be  required  in  even  the  widest  range  of  vision,  would  be  extremely 
fimalL     For,  from  the  refractive  powers  of  the  media  of  the  eye,  the  dif- 
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fercnc^  between  the  focal  distances  of  the  images  of  an  object  at  a  dUtanc«^ 
and  of  one  at  the  distance  of  four  inches,  is  only  abont  0.143  of  an  inch 
(3.5  mm,).  On  tliis  calculation  the  change  in  the  distance  of  the  retini 
from  the  lens  required  for  vision  at  all  distances,  supposing  the  cornea 
and  lena  to  remain  the  same,  would  not  be  more  than  about  one  line. 

The  adaptation  of  the  eye  for  objects  at  differeBt  distances  is  pri- 
marily duo  to  a  varying  shape  of  the  lens,  its  front  surface  becoming 
more  or  less  convex,  according  as  the  distance  of  the  object  looked  atii 
near  or  far.  The  nearer  the  object,  the  more  convex,  up  to  a  certain 
limit,  the  front  surface  of  tlie  lens,  and  vicr-  versd;  the  back  surface  tak- 
ing  little  or  no  share  in  the  production  of  the  effect  required*  And  thii 
surface,  whicli  during  rest  is  more  convex  than  the  anterior,  becoiiitf 
the  less  convex  of  the  two  during  accommodation*  The  following  simple 
experiment  illustrates  this  point:  If  a  lighted  candle  be  held  a  little  to 
one  side  of  a  person's  eye,  an  observer  looking  at  the  eye  from  the  other 
side  sees  three  distinct  images  of  the  flame  (iig.  423).  The  first  and 
brightest  is  (1)  a  small  erect  image  formed  by  the  anterior  convex  surface 
of  the  cornea;  the  second  (2)  is  also  erect,  but  larger  and  less  distinct  t! 
the  preceding,  and  is  formed  at  the  anterior  convex  surface  of  the  lenij 
the  third  (3)  is  smaller,  inverted,  and  indistinct;  it  is  formed  at 
posterior  surface  of  the  lens,  which  is  concave  forward,  and  therefom 
like  all  concave  mirrors,  gives  an  inverted  image.  If  now  the  eye  XLTuht 
observation  be  made  to  look  at  a  near  object,  the  second  image  become 
smaller,  clearer,  and  approaches  tlie  first.  If  the  eye  be  now  adjusted 
for  a  far  point,  the  second  image  enlarges  again,  becomes  less  distinct, 
and  recedes  from  the  first.     In  both  eases  alike  the  first  and  third  imiig» 


Flpf.  428.— Dia^ftm  ahowliiK  three  rpfleettona  of  a  candl*?.  1,  From  the  anterior  «urf^flf 
cornea:  2,  from  tht^  ttUt*»rior  Hurfacje  of  lens:  \  from  the  posterior  surface  cjf  lens.  For  furChir 
explanatioD,  m**'  text.  The  experiRjent  ia  best  i>erfonii©d  by  efiiploylnR'  an  instrnmeitt  inTvofiad 
by  Helmholtz,  t-enued  a  Fkako^copt, 

remain  unaltered  in  size,  distinctness,  and  relative  position.  TO* 
proves  that  during  accommodation  for  near  objects  the  curvature  of  the 
cornea,  and  of  the  posterior  of  the  lens,  remains  unaltered,  while  the 
anterior  surface  of  the  lens  becomes  more  convex  and*  approaches  the 
cornea. 
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The  erperiraont  (fig.  423  a)  is  more  Btriking  when  two  cundlcs  are 

[used,  and  the  images  of  the  two  candles  from  the  front  stirfiiee  of  t]io 

during  accommodation  not  only  approach  those  from  the  cornea. 


Fig.  423  A.— Dia^n^m  of  Saosod'si  images.  A.  wh*^n  thp  ryen  an^  not,  and  B,  when  they  are 
fcMmssed  for  near  objects.  The  fig.  to  Ihe  rt^ht  in  A  and  B  is  tUi^  Inverted  iroa^^re  from  tlie  pos- 
terior surface  tif  the  len8» 

Fig:.  4;^.— Plmkoeoope  of  Helmboltz.  At  B  B'  are  nro  primw,  by  which  the  nght  of  a  eantUe 
Is  ooDoeatrated  on  the  eye  of  the  person  eiperirntinted  with  at  C  A  ia  the  ajwrture  for  th** 
eye  of  the  observer.  The  obaerver  notloes  thrw  double  Imafj**.^,  ni>  in  11«.  485,  reflecUxl  frnm  the 
ey«  under  ezaminatlon  when  the  eye  t»  flxccl  upon  a  dlstjint  «tb.1t-ct;  the  poaltioo  of  tb*^  itnajrea 
bfiTinir  been  noticed,  the  eye  in  then  made  to  focuii  a  n^ar  ohjtH't.  iucb  aa  a  reed  pushed  up  by 

L  C;  tbe  looages  from  the  anterior  surface  of  the  lens  vlll  he  obeerved  to  more  toward  each  other, 

I  JIb  oooaequenco  of  the  lens  becoming  more  oonvex. 

but  al&o  approach  one  another,  and  become  somewhat  smaller.     (Sati' 
SOn'*s  images,) 

'  Mechanism  of  accommodation. — ITie  lens  having  no  inherent  power 
of  contraction^  its  changes  of  ontliiies  must  be  produced  by  some  power 
from  without;  this  power  is  supplied  by  the  ciliary  muscle.  It  is  some- 
times termed  the  ienmr  choroidem.  Its  iictiou  is  to  draw  forward  the 
choroid,  and  by  so  doing  to  slacken  the  tension  of  the  Buspensory  liga- 
ment of  the  lens  which  arises  from  it.  The  anterior  surface  of  the  lens 
is  kept  flattened  by  the  action  of  this  ligament.  The  ciliary  muscle 
during  accommodation  by  diminishing  its  tension,  diminishes  to  a  pro- 
portional degree  the  flattening  of  which  it  is  the  cause.  On  diminution 
or  cessation  of  the  action  of  the  ciliary  muscle,  the  lens  returns  to  its 
former  shape,  by  virtue  of  the  elasticity  of  the  suspensory  ligament 
(fig.  425).  From  this  it  will  appear  that  the  eye  is  usually  focuesed 
for  distant  objects.  In  viewing  near  objects  the  pupil  contracts,  the 
opposite  effect  taking  place  on  withdrawal  of  the  attention  from  near 
objects,  and  fixing  it  on  those  distant. 
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Range  of  Distinct  Virion,     Near-point, — In  every  eye  tbere  is  a  liinit  j 
to  the  power  of  accommodation.     If  a  book   be   brought  nearer  wui\ 
nearer  to  the  eye,  the  type  at  last  becomes  indistinct,  and  cannot  be 
brought  into  focus  by  any  effort  of  accommodation,   however  ttrocg. 
This,  which  is  termed  the  nmr-point^  can  be  determined  by  the  foilov- 


Fig.  425.— Dl&#TAin  reprefieotlnK  by  dotted  lioea  the  otteratioti  fti  the  shape  of  \he  leas  uti  tc- 
commod&tiou  for  Dear  objects.     (E.  Laodolt.) 

ing  experiment  {Scheiner),  Two  small  holes  are  pricked  in  a  card  with 
a  pin  not  more  than  a  twelfth  of  an  inch  {%  mm*)  apart,  at  any  raU 
their  distance  from  each  other  must  not  exceed  the  diameter  of  the  pu- 
pil. The  card  is  held  close  in  front  of  the  eye,  and  a  small  needle 
viewed  through  the  pin-holes.  At  a  moderate  distance  it  can  be  cleirij 
focuaaed,  but  when  brought  nearer,  beyond  a  certmn  point,  the  ma^ 
appears  double  or  at  any  rate  blurred.  This  point  where  the  needk 
ceases  to  appear  single  is  the  near-point.  Its  distance  from  the  eye  can 
of  course  be  readily  measured.  It  is  usually  about  5  or  6  inches  (13 
cm.).     In  the  accompanying  Egure  (dg.  426)  the  lens  b  represents  the 


Fig.  430.  ^DiagTBjn  of  ezperliikexit  to  aaoeitain  tlw  mlnirmim  dlstaooe  of  difitincfi  ^iiioa. 

eye;  ^the  two  pin-holes  in  the  card,  nn  the  retina;  a  represents  the] 
sition  of  the  needle.     When  the  needle  is  at  a  moderate  distance,  1 
two  pencils  of  light  coming  from  e  and/,  are  focussed  at  a  single  point  c 
the  retina  nn.     If  the  needle  be  brought  nearer  than  the  near-point,! 
strongest  effort  of  accommodation  is  not  sufficient  to  focuB  the  twoj 
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cilg,  they  meet  at  a  point  bchinti  the  retioa.  The  effect  is  the  same 
as  if  the  retina  were  shifted  forward  to  vnn.  Two  images  h,g,  are 
formed,  one  from  each  hole.  It  is  interesting  to  note  that  when  two 
imagee  are  produced,  the  lower  one  g  really  appears  in  the  position  q> 
while  the  upper  one  ajipears  in  the  position  p.  This  may  be  readily 
verified  by  covering  the  holes  in  succession. 

During  accommodation  two  other  eliunges  take  place  in  the  eyes, 
(1)  The  ciji's  eonirrge  hy  the  action  of  the  extra«ocnlar  muscles  chiefly 
by  the  internal  and  inferior  recti,  or  internal  and  auperior  recti.  The 
superior  oblique  and  the  inferior  oblique  may  also  be  used  to  turn  the 
oye  upward  or  downward. 

Movements  of  the  Eje.— The  eyeball  possesaes  moTemetit  aroimd  thre«  axes 
iodicated  in  fig.  427,  viz.,  an  arrt^ro  yM^st^rior,  a  vertical,  and  a  transverse, 
passing?  through  a  cetitre  of  rotation  a  little  bf'hiod  the  centre  of  the  optic  axis. 
The  movements  are  accompliahed  by  imirs  of  luiiseles. 


Direction  of  Movement, 

Inward 

Outwanl 

Upward 

Downward       .... 
Inward  and  upward   . 
Inward  and  downward  . 
Outward  and  upward 
Outward  and  downward 


By  what  muscles  accomplished. 

Internal  rectus. 

External  roctus, 
\  SiijM?rior  rertus, 
(  Inferior  oblicjue. 
i  Inferior  rectus. 
}  Su|jerior  oblitjue. 
J  Intc^rnal  and  superior  rectus. 
(  Inferior  olilicjue. 
i  Internal  and  inferior  rectus. 
}  Sufxrior  oblique. 
J  Externa!  and  suj>erior  rectus. 
( Inferior  oblitjue. 
j  External  and  inferior  rectus. 
t  Superior  oblique. 


(3)  The  second  change  which  takes  place  in  the  eyes  is,  that  the 
pupils  conirad.  The  contraction  of  all  of  the  muscles  which  have  to  do 
with  accommodation,  viz.,  of  the  ciliary  muscle,  of  the  recti  muscles, 
and  of  the  sphincter  pnpillse  is  under  the  control  of  the  third  nerve. 
But  the  superior  oblique  may  also  be  employed,  in  which  case  the  fourth 
nerve  is  also  concerned. 

Contraction  of  the  pupil  may  also  occur  under  the  following  circum- 
stances: (1)  On  exposure  of  the  eye  to  a  bright  light;  (2)  on  the  local 
application  of  eserine  (active  principle  of  Calabar  bean);  (3)  on  the 
administration  internally  of  opium,  aconite,  and  in  the  early  stages  of 
chloroform  and  alcohol  poisoning;  (4)  on  division  of  the  cervical 
sympathetic  or  stimulation  of  the  third  nerve,  and  dilaiaiiim  ofthe  pupil 
occurs  (1)  in  a  dim  light;  (3)  when  the  eye  is  focussed  for  distant  ob- 
jects; (3)  on  the  local  application  of  atropine  and  its  allied  alkaloids; 
(4)  on  the  internal  administration  of  atropine  and  its  allies;  (5)  in 
the  later  stages  of  poisoning  by  chloroform,  opium,  and  other  drugs; 
(6)  on  paralysis  of  the  third  nerve ;  (7)  on  stimulation  of  the  cemcal 
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gympathetic,  or  of  it5  centre  in  the  floor  of  the  front  of  the  aquedactfjf 
Sylvius,  The  contraction  of  the  pupil  appears  to  be  under  the  control 
of  a  centre  in  the  bulb  or  in  the  corpora  quadrigemina,  and  this  u 
reflexly  stimulated  by  a  bright  light,  and  the  dilatation  when  the  reSei 
centre  is  not  in  action  is  due  to  the  more  powerful  eympathetic  aeti^; 
but  in  addition,  it  appeara  that  both  contraction  and  dilatation  maj  be 


Ft^.  4^,  — PiafrriLm  of  the  Axm  of  rotattofi  to  the  ^ye.    The  Uiln  Unes  indlOBlo  aoBBi  of  nlttKk^ 
the  thick  the  pooitloD  of  muaciilax  atlachTnant* 

produced  by  a  local  mechanism,  upon  which  certain  drugs  can  act,  which 
is  independent  of  and  probably  often  antagonistic  to  the  action  of  the 
central  apparatus  of  the  third  and  sympathetic  nerve.  The  action  of  Ihe 
fifth  nerve  upon  the  pupil  is  not  well  understood,  but  its  apparent  eiect 
in  producing  dilatation  is  due  to  the  mixture  of  sympathetic  fibra 
with  its  nasal  branch.  The  sympathetic  influence  npon  the  radiation 
fibres  is  believed  to  bo  conveyed  not  by  the  long  ciliary  branched  of  tbt 
nerve,  but  by  the  short  ciliary  branches  from  the  ophthalmic  ganglion. 
The  close  sympathy  subsisting  between  the  two  eyes  ia  nowhere  better 
shown  than  by  the  condition  of  the  pupil.  If  one  eye  be  ahailed  by  tht  i 
hand  its  pupil  will  of  course  dilate;  but  the  pupil  of  the  other  eye  will 
also  dilate,  though  it  is  unshaded. 

DEFEcrrs  ix  tre  Optical  Apparatus. 

Defects  in  the  Refracting  Media. — Under  this  head  we  may  con* 
sider  the  defects  known  as  (1)  Myopia^  (2)  Hj-permetropia,  (3)  Astif- 
matism,  (4)  Spherical  Aberration,  (5)  Chromatic  Aberration. 
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Tlie  normal  (emme tropic)  eyo  is  so  adjusted  that  parallel  rays  are 
brought  oxtictly  to  a  focus  on  the  retina  without  any  effort  of  accommo- 
dation (1,  fig.  4'^8).  Hence  all  objects  except  near  ones  (practically  all 
objects  more  than  twenty  feet  off)  are  seen  without  any  effort  of  accom- 
modation; in  other  words,  the  far- point  of  the  normal  eye  is  at  an  infinite 
distance.  In  viewing  near  ohjccta  we  are  conscious  of  the  effort  (the  con- 
traction of  the  ciliary  muscle)  by  which  the  anterior  surface  of  the  lens  is 
rendered  more  convex,  and  rays  which  would  otherwise  l>e  focussed  behitid 
the  retina  are  converged  upon  the  retina  (see  dotted  lines  2,  fig.  428), 


Fiff.  43R.— Diapram  showinfr— 1,  normal  remmetroplc"!  ey^  hrinpitiK  paraUtl  mjs  exactly  to 
ft  focuH  on  the  retina:  S,  norriial  eye  adapted  to  a  oiMLr  point :  without  atni^omiiiodatloii  the  raya 
would  tM?  fotnisHed  luehfini  the  retina,  but  ny  increaslD^  tlie  curvature  of  the  onlertor  ffurfoee  of 
the  lens  (BhowD  by  a  dotttxl  Line)  (he  rayei  are  focruMM  on  tlie  ivtina  (as  indicated  by  the  meet* 
lOK  of  the  two  dotted  linea) ;  3,  hupemivtmpic  eye.  Id  this  ca«e  the  axis  of  the  eye  la  shorter, 
•Dd  tho  lent  flatter,  ttms  normal;  parallel  rajH  aro  fonjsned  behind  the  ivtinn;  4,  myopic  (*ye; 
In  this  case  the  axis  of  the  eye  1»  abnormally  lon^,  and  the  }en»  too  ix>nvex ;  parallel  rays  are 
fociUBed  In  front  of  the  rettoa. 

1*  Jf^(?jMm  (Hhort-sight)  (4,  %.  428). — This  defect  is  due  to  an  abnor- 
mal elongation  of  the  eyeball.  The  eye  is  usually  larger  than  normal 
and  is  always  longer  than  normal;  the  lens  is  also  probably  too  convex. 
The  retina  is  too  far  from  the  lens  and  consequently  parallel  rays  are 
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focussed  in  front  of  tlie  retina,  and,  crossing,  form  little  circle«  on  tht 
retina;  thus  the  images  of  distant  objects  are  blurred  and  indistinct 
The  eye  is,  as  it  were,  permanently  adjiiBted  for  a  near-point.  Kaji 
from  a  point  near  the  eye  are  exactly  focussed  in  the  retina.  But  tboee 
which  issue  from  any  object  beyond  a  certain  distance  {far-point)  c«mot 
be  distinctly  focussed.  This  defect  is  corrected  hy  concave  glaeaea  which 
cause  the  rays  entering  the  eye  to  diverge;  hence  they  do  not  come  to  % 
focus  so  soon.  Such  glasses  of  course  are  only  needed  to  g^ve  a  clear 
vision  of  distant  objects.  For  near  objects,  except  in  extreme  caaes,  tliey 
are  not  required. 

Hypernufropia  (long-sight)  (3,  fig.  428).— This  is  the  reTerse  def< 
The  eye  is  too  short  and  the  lens  too  flat.     Parallel  rays  are  f< 
behind  the  retina:  an  effort  of  accommodation  is  required  to  f ocufi  e^ 
parallel  rays  on  the  retina;  and  when  they  are  divergent,  as  in  viewi 
a  near  object,  the  accommodation  is  insufficient  to  focus  them.     Thi 
in  well-marked  cases  distant  objects  require  an  eifort  of  accommodjLtii 
and  near  ones  a  very  powerful  eifort.     Thus  the  ciliary   muscle  is 
stantly  acting.     This  defect  is  obviated  by  the  use  of  mtirer  glion^ 
which  renders  the  pencils  of  light  more  convergent.      Such  glasses  arftrf 
course  especially  needed  for  near  objects,  as  in  reading,  etc.     Thej  mt 
the  eye  by  relieving  the  ciliary  muscle  from  excessive  work. 

3,  Asiigmaiism, — ^This  defect,  which  was  first  discovered  by  Airy, 
due  to  a  greater  curvature  of  the  eye  in  one  meridian  than  in  othi 
The  eye  may  be  even  myopic  in  one  plane  and  hypermetropic  in  othen. 
Thus  vertical  and  horizontal  lines  crossing  each  other  cannot  both  be 
focussed  at  once ;  one  sot  stands  out  clearly  and  the  others  are  blurred 
and  indistinct.  This  defect,  which  is  present  in  a  slight  degree  in  ill 
eyes,  is  generally  seated  in  the  cornea,  but  occasionally  in  the  leni  m 
well;  it  may  be  corrected  by  the  use  of  cylindrical  glasses  (».^*,  curved 
only  in  one  direction). 

4.  Sphericai  Aberraiiou, — ^The  rays  of  a  cone  of  light  from  an  object 
situated  at  the  side  of  the  field  of  vision  do  not  meet  all  in  the  Sitme 
point,  owing  to  their  unequal  refraction;  for  the  refraction  of  the  ran 
which  pass  through  the  circumference  of  a  lens  is  greater  than  that  of 
those  traversing  its  central  portion.  This  defect  is  known  as  ^hmmt 
aberratmi^  and  in  the  camera,  telescope,  microscope,  and  other  opticil 
instruments,  it  is  remedied  by  the  interposition  of  a  screen  with  a  circu- 
lar aperture  in  the  path  of  the  rays  of  light,  cutting  off  all  the  margiMl 
rays  and  only  allowing  the  passage  of  those  near  the  centre.  Such  cor- 
rection is  effected  in  the  eye  by  the  iris,  which  forms  an  annalar 
diaphragm  to  cover  the  circumference  of  the  lens,  and  to  prevent  the 
ra}^  from  passing  through  any  part  of  the  lens  but  its  centre  which  ctir* 
responds  to  the  pupiL     The  posterior  surface  of  the  iris  is  coated 
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'pigment,  to  prevent  the  passage  of  rays  of  light  through  it«  substance. 
The  imago  of  an  object  will  be  moat  defined  and  distinct  when  the 
>upil  is  narrow,  the  object  at  the  proper  distance  for  vision,  and  the 
light  abundant;  so  that,  while  u  snfticient  number  of  rays  are  admitted, 
kbe  narrowness  of  the  pupil  may  prevent  the  production  of  indistinctness 
:)f  the  image  by  spliericffi  aherralmi.  But  even  the  image  formed  by 
the  rays  parsing  through  the  circumference  of  the  lens,  when  the  pupil 
is  much  dilated,  as  in  the  dark,  or  in  a  feeble  light,  may,  under  certain 
circumstances,  be  well  defined. 

JJistinctness  of  vision  is  further  secured  by  the  pigment  of  the  outer 

irface  of  the  retina,  the  posterior  surfaoe  of  the  iris  and  the  ciliary 

B,  which  absorbs  any  ruys  of  light  that  may  be  reflected  within 

!  eye,  and  prevents  their  being  thrown  again  upon  the  retina  so  as  to 

Interfere  with  the  images  there  formed.     The  jngment  of  the  retina  is 

lespecially  important  in  this  respect;  for  with  the  exception  of  its  outer 

layer  the  retina  is  very  transparent,  and  if  the  surface  behind  it  were  not 

jf  a  dark  color,  hot  capable  of  reflecting  the  light,  the  luminous  rays 

rhich  had  already  acted  on  the  retina  would  be  reflected  again  through 

tit,  and  would  fall  upon  other  parts  of   the  same  membrane,  producing 

>th  dazzling  from  excessive  light,  and  indistinctness  of  the  images. 

5,    Chroinaiic  Aberration, — In  the  passage  of  light  through  an  ordi- 

aary  convex  lens,  decomposition  of  each  ray  into  its  elementary  colored 

irt,  commonly  ensues,  and  a  colored  margin  appears  around  the  image, 

lowing  to  the  uncqtial  refraction  which  the  elementary  colors  undergo. 

In  optical  instruments  this,  which  is  termed  chromatic  aberration^  is  con- 

Jnected  by  the  use  of  two  or  more  lenses,  differing  in  shape  and  density, 

the  second  of  which  continnes  or  increases  the  refraction  of  the  rays 

>roduced  by  the  first,  but  by  recombining  the  individual  parts  of  each 

ay  into  its  original  white  light,  corrects  any  chromatic  aberration  which 

Jmay  have  resulted  from  tlie  first*     It  is  probable  that  the  unequal  refrac- 

[tive  power  of  the  transparent  media  in  front  of  the  retina  may  be  the 

Imeans  by  which  the  eye  is  enabled  to  guard  against  the  effect  of  chromatic 

[aberration.     The  Imman  eye  is  achromatic,   however,   only  so  long  as 

I  the  image  is  received  at  its  focal  distance  upon  the  retina,  or  so  long  as 

[the  eye  adapts  itself  to  the  di^erent  distances  of  sight.     If  either  of 

[these  conditions  bo  interfered  with,  a  more  or  less  distinct  appearance 

I  of  colors  is  produced- 

An  ordinary  ray  of  white  light  in  passing  through  a  prism,  is  refract- 

[ed,  i.e.,  bent  out  of  its  course,  but  the  different  colored  rays  which  go 

to  make  up  white  light  are  refracted  in  different  degrees,  and  therefore 

appear  as  colored  bands  fading  off  into  each  other:  thus  a  colored  band 

known  as  the  **  spectrum"  is  producedj  the  colors  of  which  are  arranged 

\B&  follows^— red,  orange,  yellow,  green,  blue,  indigo,  violet;  of  these 
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the  red  ray  is  the  least,  and  the  violet  the  most  refracted.  Henoe,  u 
Helmholtz  has  shown,  a  small  white  object  cannot  be  accurately  focQaed 
on  the  retina,  for  if  we  focus  for  the  red  rays,  the  violet  are  out  of  focni, 
and  vice  versd :  such  objects,  if  not  exactly  f ocussed,  are  often  seen  sor- 
rounded  by  a  pale  yellowish  or  bluish  fringe. 

For  similar  reasons  a  red  surface  looks  nearer  than  a  blue  one  at  a 
equal  distance,  because,  the  red  rays  being  less  refrangible,  a  stronger 
effort  of  accommodation  is  necessary  to  focus  them,  and  the  eye  is  adjusted 
as  if  for  a  nearer  object,  and  therefore  the  red  surface  appears  nearer. 

From  the  insufficient  adjustment  of  the  image  of  a  small  white  ob- 
ject, it  appears  surrounded  by  a  sort  of  halo  or  fringe.  This  phenom- 
enon is  termed  Irradiation.  It  is  from  this  reason  that  a  white  sqnve 
on  a  black  ground  appears  larger  than  a  black  square  of  the  same  sizeoa 
a  white  ground. 

As  an  optical  instrument,  the  eye  is  superior  to  the  camera  in  the 
following,  among  many  other  particulars,  which  may  be  enumerated  in 
detail.  1.  The  correctness  of  images  even  in  a  large  field  of  view.  1 
The  simplicity  and  efficiency  of  the  means  by  which  chromatic  aben* 
tion  is  avoided.  3.  The  perfect  efficiency  of  its  adaptation  to  differeot 
distances.  In  the  photographic  camera,  it  is  well  known  that  only  a  (xmd- 
paratively  small  object  can  be  accurately  focussed.  In  the  photograpb 
of  a  large  object  near  at  hand,  the  upper  and  lower  limits  are  alwiji 
more  or  less  hazy,  and  vertical  lines  appear  curved.  This  is  due  to  the 
fact  that  the  image  produced  by  a  convex  lens  is  really  slightly  curved  and 
can  only  be  received  without  distortion  on  a  slightly  curved  concare 
screen,  hence  the  distortion  on  a  flat  surface  of  ground  glass.  It  is 
different  with  the  eye,  since  it  possesses  a  concave  background,  npon 
which  the  field  of  vision  is  depicted,  and  with  which  the  curved  form  of 
the  image  coincides  exactly.  Thus,  the  defect  of  the  camera  obscnn 
is  entirely  avoided ;  for  the  eye  is  able  to  embrace  a  large  field  of  vision, 
the  margins  of  which  are  depicted  distinctly  and  without  distortion.  If 
the  retina  had  a  plane  surface  like  the  ground  glass  plate  in  a  camera, 
it  must  necessarily  be  much  larger  than  is  really  the  case  if  we  were  to 
see  as  much ;  moreover,  the  central  portion  of  the  field  of  vision  aJone 
would  give  a  good  clear  picture  (Bernstein). 

Defective  Accommodation — Presbyopia. — This  condition  is  due  to  the 
gradual  loss  of  the  power  of  accommodation  which  is  part  of  the  general 
decay  of  old  age.  In  consequence  the  patient  would  be  obliged  in  read- 
ing to  hold  his  book  further  and  f urtlier  away  in  order  to  focus  ihe 
letters,  till  at  last  the  letters  are  held  too  far  for  distinct  vision.  The 
defect  is  remedied  by  weak  convex  glasses,  which  are  very  commonly 
worn  by  old  people.  It  is  due  chiefly  to  the  gradual  increase  in  density 
of  the  lens,  which  is  unable  to  swell  out  and  become  convex  when  near 
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objects  are  looked  at»  and  also  to  a  weakeoing  of  the  ciliary  muscle,  and 
» general  loss  of  elasticity  in  the  pai-ta  concerned  in  the  mechanism. 

Visual  Sensations. 

Excitatioti  of  the  Retina. — Light  is  the  normal  agent  in  the  ex- 
itation  of  the  retina.  The  only  layer  of  the  retina  capable  of  reacting 
the  stimnltia  is  the  rods  and  cones.  The  proofs  of  this  statement 
ay  be  summed  up  thus: — 
{!,)  The  point  of  entrance  of  the  optic  nerve  into  the  retina,  where 
the  rods  and  cones  are  absent,  is  insensitive  to  light  and  is  called  the 
Hind  spot.  The  phenomenon  itself  is  very  readily  demonstrated.  If 
e  direct  one  eye,  the  other  being  closed,  upon  a  point  at  such  a  dia- 
iancc  to  the  side  of  any  object,  that  the  image  of  the  latt-er  must  fall 
upon  tlic  retina  at  the  point  of  entrance  of  the  optic  nerve,  this  image 
is  lost  either  instantaneously,  or  very  soon,  If,  for  example,  we  close  the 
left  eye,  and  direct  the  axis  of  the  right  eye  steadily  toward  the  circular 


Fspot  here  represented,  while  the  page  is  held  at  a  distance  of  about  six 
[inches  from  the  eye,  both  dot  and  cross  arc  visible.     On  gradually  in- 
[creasing  the  distance  between  the  eye  and  the  object,  by  removing  the 
Ibook  farther  and  farther  from  the  face,  and  still  keeping  the  right  eye 
feteadily  on  the  dot,  it  will  be  found  that  suddenly  the  cross  disjippcars 
I  from  view,  while  ou  removing  the  hook  still  farther,  it  suddenly  comes 
[an  sight  again.     The  cause  of  this  phenomenon  is  simply  that  the  por- 
[tion  of  retina  which  is  occupied  by  the  entrance  of  the  optic  nerve,  is 
[uite  blind;  and  therefore  that  when  it  alone  occupies  the  field  of  visionj 
objects  cease  to  be  visible.      (2,)  In    the  fovea  centralis   and  macula 
lutea  which  contain  rods  and  cones  but  no  optic  nerve- fibres,  light  pro- 
duces the  greatest  effect.     In  the  latter,  cones  occur  in  large  numbers, 
and  in  the  former  cones  without  rods  are  found,  whereas  in  the  rest  of  the 
retina  which  is  not  so  sensiiive  to  light,  there  are  fewer  cones  than  rods. 
We  may  conclude,  therefore,  that  cones  are  even  more  important  to 
Tision  than  rods.     (3.)  If  a  small  lighted  candle  be  moved  to  and  fro 
at  the  side   of  and   close  to  one  eye  in  a  dark    room  while  the  eyes 
,look    steadily  forward    into    the    darkness,   a    remarkable    branching 
Qgure  {PurMnje*s  figures)  is  aeen  floating  before  the  eye,  consisting  of 
Jdark  lines  on  a  reddish  ground.     As  the  candle  moves,  the  figure  moves 
lin  the  opposite  direction,  and  from  its  whole  appearance  there  can  be  no 
[doubt  that  it  is  a  reversed  picture  of  the  retinal  vessels  projected  before 
[the  eye.     The- two  large  branching  arteries  passing  up  and  down  from 
Uhe  optic  disc  are  clearly  visible  together  with  their  minutest  branches* 
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A  little  to  one  side  of  the  disc,  in  a  part  free  from  vessels,  is  seen  the 
yellow  spot  in  the  form  of  a  slight  depression.  This  remarkable  appeir. 
ance  is  due  to  shadows  of  the  retinal  vessels  cast  by  the  candle.  The 
branches  of  these  vessels  are  chiefly  distributed  in  the  nerve-fibre  aod 
ganglionic  layers;  and  since  the  light  of  the  candle  falls  on  the  retinil 
vessels  from  in  front,  the  shadow  is  cast  behind  them,  and  hence  thon 
elements  of  the  retina  which  perceive  the  shadovirs  must  also  lie  behind 
the  vessels.  Here,  then,  we  have  a  clear  proof  that  the  light-perceiving 
elements  of  the  retina  are  not  the  fibres  of  the  optic  nerve  fonning  tlie 
innermost  layer  of  the  retina,  but  the  external  layers  of  the  retina,  rodi 
and  cones,  which  indeed  appear  to  be  the  special  terminations  of  the 
optic  nerve-fibres. 

Duration  of  Visual  Sensations. — The  duration  of  the  sensation  pro- 
duced by  a  luminous  impression  on  the  retina  is  always  greater  than  thit 
of  the  impression  which  produces  it.  However  brief  the  luminous  impro- 
sion,  the  effect  on  the  retina  always  lasts  for  about  one-eighth  of  a  second. 
Thus,  supposing  an  object  in  motion,  say  a  horse,  to  be  revealed  <m  t 
dark  night  by  a  flash  of  lightning.  The  object  would  be  seen  apparenth 
for  an  eighth  of  a  second,  but  it  would  not  appear  in  motion;  becuue, 
although  the  image  remained  on  the  retina  for  this  time,  it  was  reiDj 
revealed  for  such  an  extremely  short  period  (a  flash  of  lightning  beiaj 
almost  instantaneous)  that  no  appreciable  movement  on  the  part  d 
the  object  could  have  taken  place  in  the  period  during  which  it  wm 
revealed  to  the  retina  of  the  observer.  And  the  same  fact  is  proved  in  i 
reverse  way.  The  spokes  of  a  rapidly  revolving  wheel  are  not  seenai 
distinct  objects,  because  at  every  point  of  the  field  of  vision  over  which 
the  revolving  spokes  pass,  a  given  impression  has  not  faded  before anoth© 
comes  to  replace  it.  Thus  every  part  of  the  interior  of  the  whd 
appears  occupied. 

The  duration  of  the  affer'Sensati07i,  produced  by  an  object,  is  greate 
in  a  direct  ratio  with  the  duration  of  the  impression  which  caused  it 
Hence  the  image  of  a  bright  object,  as  of  the  panes  of  a  window  throngli 
which  the  light  is  shining,  may  be  perceived  in  the  retina  for  a  con- 
siderable period,  if  we  have  previously  kept  our  eyes  fixed  for  some  time 
on  it.  But  the  image  in  this  case  is  negative.  If,  however,  after 
shutting  the  eyes  for  some  time,  we  open  them  and  look  at  an  objects 
an  instant,  and  again  close  them,  the  after-image  is  positive. 

Intensity  of  Visual  Sensations. — It  is  quite  evident  that  the  mm 
luminous  a  body  the  more  intense  is  the  sensation  it  produces.  But  the 
intensity  of  the  sensation  is  not  directly  proportional  to  the  intensitj  j 
of  the  luminosity  of  the  object.  It  is  necessary  for  light  to  have  a  cer- 
tain intensity  before  it  can  excite  the  retina,  but  it  is  impossible  to  fix  m 
arbitrary  limit  to  the  power  of  excitability.     As  in  other  sensations,  so 
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in  visual  sensntiona,  a  stimulus  may  be  too  feeble  to  produce  a  sen- 

ition.     If  it  be  itiereased  m  amount  suffit^iently  it  begins  to  produee  irn 

feet  which  is  increased  on  the  increase  of  the  stimulation;  this  in- 

'  crease  in  the  effect  is  not  diredhf  proportionul  to  the  increase  in  the 

excitation,  Init,  ticcordiog  to  Ftchner^s  lnu\  *"  an  the  logarithm  of  the 

stimulus,"  i.p.,  in  each  sensation,  there  is  a  constant  ratio  between  the 

increase  in  the  stimulus  and  the  increase  in  the  sensation,  this  constant 

ratio  for  each  sensation  expresses  the  least  perceptible  increase  in  the 

sensation  or  minimal  increment  of  excitation. 

This  law,  which  is  true  only  within  certain  limiLs),  may  be  best 
understood  by  an  example.  When  the  retina  has  been  stimulated  by  the 
light  of  one  candle,  the  light  of  two  candles  will  produce  a  difference  in 
sensation  which  can  be  distinctly  felt  If,  however,  the  first  stimulus 
had  been  that  of  an  electric  light,  the  addition  of  the  light  of  a  candle 
would  make  no  difference  in  the  sensation.  So,  generally,  for  an  addi- 
tional stimulus  to  be  felt,  it  may  be  proportionately  small  if  the  original 
stimulus  have  been  small,  and  must  be  greater  if  the  original  stimulus 
have  been  great  The  stimulus  increases  as  the  ordinary  nambers,  while 
,  the  sensation  increases  as  the  logarithm. 

Part  of  the  light  wliich  enters  the  eye  is  absorbed  and  produces  some 
[•change  in  the  retina,  of  which  we  shall  treat  further  on;  the  rest  is 
reflected. 

Every  one  is  perfectly  familiar  with  the  fact,  that  it  is  quite  impos- 
[  Bible  to  see  the  fundus  or  back  of  another  person's  eye  by  simply  looking 
into  it.  The  interior  of  the  eye  forms  a  perfectly  black  background  to 
the  pupil.  The  same  remark  applies  to  an  ordinary  photographic 
camera,  and  may  be  illustrated  by  the  difficulty  we  experience  in  seeing 
into  a  room  from  the  street  through  the  window,  unless  the  room  be 
lighted  within.     In   the  case  of  the  eye  this  fact  m  partly  due  to  the 

I  feebleness  of  the  light  reflected  from  the  retina,  most  of  it  being  absorbed 
by  the  retinal  pigment,  as  mentioned  above;  but  far  more  to  the  fact  that 
every  such  ray  is  reflected  straight  to  the  source  of  light  (<*.^.,  candle),  and 
cannot,  therefore,  be  seen  by  the  unaided  eye  without  intercepting  the 
incident  light  from  the  candle;  as  well  as  the  reflected  rays  from  the 
retina.  This  difficulty  is  surmounted  by  the  use  of  the  ophUudmoscope, 
The  ophtlialmoscope,  brought  into  use  by  Helmholtjs,  consista  in  its  simplest 
form  of  o,  a  slightly  concave  mirror  of  metal  or  silvered  glass  perforated  m 
the  centTt".  and  fixed  into  a  handle  ;  and  h,  a  biconvex  leni<  of  about  2|-S  inches 
focal  length-  Twr>  methods  of  examining  the  eye  with  this  instrument  are  in 
common  use — the  direct  and  the  indirect:  both  methods  of  investigation  should 
be  employed.  A  normal  eye  should  be  examined ;  a  drop  of  a  solution  of  atro- 
pia  (two  grains  to  the  ounce)  or  of  homatropia  hydrobromate,  should  he>  in- 
stilled  about  twenty  minutes  before  the  examination  is  coTumenced  ;  the  ciliary 
muscle  is  thereby  fjaralyzed,  the  power  of  acGommodation  ia  abolished,  and  the 
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pupil  is  dilated.  This  will  materially  facilitate  the  exajnination ;  but  it  U 
quite  possible  to  observe  all  the  details  to  be  presently  described  withoat  tlie  mt 
of  this  drug.  The  room  being  now  darkened,  the  observer  seats  himself  in  ftont 
of  the  person  whose  eye  he  is  about  to  examine,  placing  himself  upcm  a  torn- 
what  higher  level.  A  brilliant  and  steady  light  is  placed  close  to  the  left  ear 
of  the  patient.  The  ati'opia  having  been  put  into  the  right  eye  (mly  of  the  ps. 
tient,  this  eye  is  examined.  Taking  the  mirror  in  his  right  hand^^and  looking^ 
through  the  central  hole,  the  operator  directs  a  beam  of  light  into  the  eye  of 


Fig.  4S8.— Diagram  to  illustrate  the  action  of  the  Ophthalmoscope,  when  a  plane  ooocsit 
glass  is  used.  c.  observer's  eye.  The  light  reBected  from  any  ooint,  d,  on  retina  of  a,  vooU 
naturally  be  focussed  at  e^  if  the  lens  b  is  used  it  would  be  focusaed  at  t,  in  other  waf^n 


back  of  c. .  The  image  wou\d  be  enlarged,  as  though  of  g^  and  would  be  inverted.    (After  He- 
Gregor  Robertson.) 


the  patient.  A  red  glare,  known  as  the  reflex,  is  seen  ;  it  is  due  to  the  illazDi- 
nation  of  the  retina.  The  patient  is  then  told  to  look  at  the  little  finger  of  the 
observer's  right  hand  as  he  holds  the  mirror ;  to  efifect  this  the  eye  is  rotated 
somewhat  inward,  aild  at  the  same  time  the  reflex  changes  from  red  to  a 
lighter  color,  owing  to  the  reflection  from  the  optic  disc.  The  observer  noir 
approximates  the  mirror,  and  with  it  his  eye  to  the  eye  of  the  pwitient,  taking 
care  to  keep  the  light  fixed  upon  tlie  pupil,  so  as  not  to  lose  the  reflex.  At  a 
certain  p>oint,  which  varies  with  different  eyes,  but  is  usually  when  there  is  an 
interval  of  about  two  or  three  inches  between  the  observed  and  the  observing 
eye,  the  vessels  of  the  retina  will  become  visible  as  lines  running  in  differeot 
directions.  Distinguish  the  smaller  and  brighter  red  arteries  from  the  hi^ 
and  darker  colored  veins.  Examine  carefully  the  fundus  of  the  eye,  i.e.,  the 
red  surface — until  the  optic  disc  is  seen  ;  trace  its  circular  outline,  and  observe 


Fipr.  4.30.— Diagram  to  Illustrate  action  of  ophthalmoscope  when  a  bi-convex  glass  is  nsel 
Tlie  ftp.  d  on  retina  of  a  is  under  ortlinary  conditions  focussed  at  /  and  inverted.  If  the  lensk 
be  pla<.»ed  l>etween  eyes,  the  image  h  is  seen  by  the  eye  r  as  an  enlarged  image.  (After  McGneigcr 
Robertson.) 

the  small  central  white  spot,  the  poms  opticus,  physiological  pit :  near  the 
centre  is  the  central  artery  of  the  retina  breaking  up  upon  the  disc  into  branches; 
veins  also  are  present,  and  correspond  roughly  to  the  course  of  the  arteries. 
Trace  the  vessels  over  the  disc  on  to  the  retina.  The  optic  disc  is  bounded  by 
tw'o  delicate  rings,  the  more  external  beinp  the  choroidal,  while  the  more  in- 
ternal is  the  sclerotic  opening.     Somewhat  to  the  outer  side,  and  only  visible 
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after  some  practice,  »a  the  yeUme  ipof,  with  the  smaller  lighter  colored  fovea 

ce^ntralLt  in  its  ceDtre.     TIub  constitutes  tho  direct  method  of  examination  (fig. 

429)  ;  by  it  the  various  details  of  the  fundus  are  seen 

as  they  really  exist,  and   it  i»  this  nietho<l  which 

should  be  adopted  (or  ordinarj'  use. 

If  the  observer  is  ametropic,  fe,,  ia  myopic  or 

hypennetropie*  he  will    lie    umible   to  employ  the 

direct  iiieth<xlof  examination  untOhe  Una  remedied 

his  deflective  vision  by  the  use  of  proper  ^liuwes. 
In   the   indiref:t  method  (fig,  430)  the  [jatient  is 

placed  as  l^fore,  and  the  operator  holdR  the  mirror 

in  his  right  hand  at  a  distance  of  twelve  to  eig^hteen 

inches  frtiui  the  patieut^a  right  eye.     At  tlie  aame 

time   he  re«t8  his  left  little  lin^^T  lightly  upr>n  the 

right    temple,  and    holding  the    hmn    i)etween    his 

thumb  and  forefinger,  two  or  tlir*H>  inches  in  front 

of   the  patient's  eye.  directs  the  light  through  the 

lens  into  the  eye,     Tlie  red  reflex,  and  sul^sequently 

tlie  white  one,    having  l>een  gain«?<l,  the  ojierator 

slowly  moves  his  mirror,  and  with  it  his  eye,  toward 

or  away  from  the  face  of  tlie  patient,  until  lite  out- 
line of  one  of  the  retinal  vessels  becomes  visible, 
Iwhen  very  slight  movements  on  the  part  *^f  the 
[Operator  will  sufhce  to  bring  into  view  the  details 
I  of  the  fundus  above  described,  but  the  inifige  will 
lb©  niucii  smaller  and  inverted.  Tiie  k^ns  shtudd  l>o 
[kept  fixed  at  a  distance  of  two  or  three  inches,  the 
I  mirror  being  alone  moved  tintil  the  disc  becomes 
[Tisible:  shonld  the  image  of  the  mimjr,  howevt^r, 
lobscure  the  di&c.  the  lens  may  be  alightly  tilted 


Fl*,'.  mi .  -  Tin  ^  uphUiaJmo- 
ficope.  Tlnf  siutilJ  ut)f>Hr  mir- 
ror (8  for  tlirwn.,  tlie  liirji^er 
for  Indirect  ntttmlaatioD. 


Visoal   Purple.— The  mothoU  by  which  a  my  of  light  is  able  to 

^8timulute  tlie  endings  of  the  optic  nerve  in  the  retina  in  sucli  a  maimer 

[that  a  visual  sensation  is  perceived  by  the  cerebrum  is  not  yet  under- 

[  stood.     It  is  8Upj3oseil  that  the  change  effected  by  the  agency  of  the 

light  whicli  ftills  ii]>on  the  retina  is  in  fjiet  a  chemical  alteration  in  tho 

protoplasm,  and  that  thiri  change  stimulates  tho  optic  nerve-endings. 

;  The  discovery  of  a  certain  temporary  reddish-pnrple  pigmentation  of  the 

outer  limbs  of  the  retinal  rods  in  certain  animuls  (r',//.,  frogs)  which  ha*! 

been  killed  in  the  dark,  forming  the  socalleil  rhodopsin  or  visual  pur ph^ 

I  appeared  likely  to  olfer  some  explanation  of  the  matter,  especially  iis  it 

was  also  found  thai  the  ]ngmen tuition  disap|x^ared  when  tlie  retina  wiig 

exposed  to  light,  and  reappeared  wlien  the  light  was  removed,  and  also 

^  that  it  underwent  distinct  changes  of  colf>r  when   other  than  white 

light  w^as  used.     It  was  also  found  that  if  the  operation  wen-  performed 

qnickly  enough,  the  image  of  an  ohject  (opfof^ram)  might  be  fixed  in  the 

pigment  on  the  retina  by  soaking  the  retina  of  an  animal,  which  has 

been  killed  in  the  dark,  in  alum  solution. 
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The  visual  purple  cannot  however  be  absolutely  essential  to  the  doe 
production  of  visual  sensations,  as  it  is  absent  from  the  retinal  cones, 
and  from  the  macula  lutea  and  fovea  centralis  of  the  human  retina,  a&d 
does  not  appear  to  exist  at  all  in  the  retinae  of  some  animals,  e.g.,  bat, 
dove,  and  hen,  which  are,  nevertheless,  possessed  of  good  vision. 

However  the  fact  remains  that  light  falling  upon  the  retina  (a) 
bleaches  the  visual  purple,  and  this  must  be  considered  as  one  of  its  effecU. 
It  has  been  found  that  certain  pigments,  also  sensitive  to  light,  are  con- 
tained in  the  inner  segments  of  the  cones.     These  colored  bodies  are  said 
to  be  oil  globules  of  various  colors,  red,  green,  and  yellow,  called  chromo- 
phaues,  and  are  found  only  in  the  retinas  of  animals  not  mammals.    The 
rhodopsin  at  any  rate  appears  to  be  derived  in  some  way  from  the  retinal 
pigment,  since  the  color  is  not  renewed  after  bleaching  if  the  retuia  be 
detached  from  its  pigment  layer,     (b)  The  second  change  produced  by 
the  action  of  the  light  upon  the  retina  is  the  movemeiit  of  the  pigmeni 
cells.     On  the  stimulation  of  light  the  granules  of  pigment  in  the  celh 
which  overlie  the  outer  part  of  the  rod  and  cone  layer  of  the  retina 
become  diffused  in  the  parts  of  the  cells  between  the  rods  and  cones,  tlie 
melanin  or /w5c^/^  granules,  as  they  are  called,  passing  down  into  the  pro- 
cesses of  the  cells,     (c)  A  movement  of  the  corns  and  possibly  of  the  rods 
is  also  said  to  occur,  as  has  been  already  incidentally  mentioned;  on  the 
stimulus  of  light  the  outer  parts  of  the  cones,  which  in  an  eye  protected 
from   light   extend  to  the  pigment  layer,  are  retracted.       It  i3  ey«i 
thought  that  the  contraction  is  under  the  control  of  the  nervous  system; 
and  finally,  according  to  the  careful  researches  of  Dewar  and  McKen- 
drick,  and  of  Holmgren,  it  appears  that  the  stimulus  of  light  is  able  to 
produce  {d)  a  variation  of  the  natural  electrical  currents  of  the  reiim. 
The  current  is  at  first  increased  and  then  diminished.      McKendrick 
believes  that  this  is  the  electrical  expression  of  those  chemical  change 
in  the  retina  of  which  we  have  already  spoken. 

Visual  Perceptions  axd  Judgments. 

Reversion  of  the  Image. — It  will  be  as  well  to  repeat  here  that 
the  direction  given  to  the  rays  by  their  refraction  is  regulated  by  that 
of  the  central  ray,  or  axis  of  the  cone,  toward  which  the  rays  are  bent. 
Tlie  image  of  any  point  of  an  object  is,  therefore,  as  a  rule  (the  exceptions 
to  whicli  need  not  here  be  stated),  always  formed  in  a  line  identical  with 
the  axis  of  the  cone  of  light,  as  in  the  line  of  b  ^,  or  a  «  (fig.  432),  so  that 
the  spot  where  the  image  of  any  point  will  be  formed  upon  the  retina 
may  be  determined  by  prolonging  the  central  ray  of  the  cone  of  light, 
or  that  ray  which  traverses  tlio  centre  of  the  pupil.  Thus  a  a  is  the 
axis  or  central  ray  of  the  cone  of  light  issuing  from  a;  b  ^  the  cential 
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ray  of  tbe  cone  of  light  isaiiiug  from  b;  the  image  of  a  is  fornied  at  a, 
the  imagt^of  u  at  ^,  in  the  inverted  position:  therefore  what  in  the  ob- 
ject was  above  is  in  tbe  image  below,  and  vice  ver.^d ^^thG  light-hiind 
part  of  the  object  is  in  the  image  to  the  left,  the  left-hand  to  the  right* 
If  an  opening  be  made  in  an  eye  at  its  superior  surfaee,  so  that  the 
retina  can  be  seen  through  the  vitreous  humor >  this  image  of  any  bright 
object,  such  as  tlie  windows  of  the  room,  maybe  perceived  inverted  upon 
the  retina.  Or  still  better,  if  the  eye  of  any  albino  animal,  such  as  a 
white  rabbit,  in  which  the  coats,  from  the  absence  of  pigment,  are  trans- 
parent, is  dissected  clean,  and  held  with  the  cornea  toward  the  window, 
a  very  distinct  image  of  the  window  completely  inverted  is  seen  depicted 
on  the  posterior  translucent  wall  of  the  eye.     Volkmann  has  also  shown 


I 


Fig.  482.— Diagram  of  the  formation  of  the  Jttm^  on  the  retina. 

that  a  similar  experiment  may  be  successfully  performed  iu  a  living  per- 
son possessed  of  large  prominent  eyes,  and  an  unusually  transparent 
sclerotic. 

An  image  formed  at  any  point  on  the  retina  is  referred  to  a  point 
outside  the  eye,  lying  on  a  straight  line  drawn  from  the  point  on  the 
retina  outward  through  the  centre  of  the  pupih  Thus  an  image  on  the 
left  side  of  the  retina  is  referred  by  the  mind  to  an  object  on  the  right 
side  of  the  eye,  and  rice  vend,  Tims  all  images  on  the  retina  are  men- 
tally, as  it  were,  projected  in  front  of  the  eye,  and  the  objects  are  seen 
erect  though  the  image  on  the  retina  is  inverted.  Much  needless  con- 
fusion and  ditticulty  have  been  raised  on  this  subject  for  want  of  re- 
membering that  when  we  are  stiid  to  see  an  object,  the  miu  I  is  merely 
conscious  of  the  picture  on  the  retina,  and  when  it  refers  it  to  the  ex- 
ternal object,  or  *'  projects'*  it  outside  the  eye,  it  mce^viarili)  reverses  it 
and  sees  tbe  object  as  erect,  though  the  retinal  image  is  inverted. 
This  is  further  corroborated  by  the  sense  of  touch.  Thus  an  object 
whose  picture  falls  on  the  left  lialf  of  the  retina  is  reacbeil  by  the  right 
hand,  and  hence  is  said  to  lie  to  the  rifjJd,  Or,  again,  an  object  whose 
imago  is  formed  on  the  upper  part  of  the  retina  is  readily  touched  by 
tbe  feet,  and  is  therefore  said  to  be  in  the  lower  part  of  the  field,  and 
so  on. 

Hence  it  is  also,  that  no  discordance  arises  between  the  sensations  of 
inverted  vision  and  those  of  touch,  which  perceives  everything  in  its 
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erect  position ;  for  the  images  of  all  objects,  even  of  our  own  limbe,  on 
the  retina,  are  equally  inverted,  and  therefore  maintain  the  same  reb> 
tive  position. 

Even  the  image  of  our  hand,  while  used  in  touch,  is  seen  inverted. 
The  position  in  which  we  see  objects,  we  call,  therefore,  the  erect  posi- 
tion. A  mere  lateral  inversion  of  our  body  in  a  mirror,  where  the  right 
hand  occupies  the  left  of  the  image,  is  indeed  scarcely  remarked:  and 
there  is  but  little  discordance  between  the  sensations  acquired  by  touch 
in  regulating  our  movements  by  the  image  in  the  mirror,- and  those  of 
sight,  as,  for  example,  in  tying  a  knot  in  the  cravat  There  is  some 
want  of  harmony  here,  on  account  of  the  inversion  being  only  lateral, 
and  not  complete  in  all  directions. 

The  perception  of  the  erect  position  of  objects  appears,  therefore,  ta 
be  the  result  of  an  act  of  the  mind.  And  this  leads  us  to  a  consideration 
of  the  several  other  properties  of  the  retina,  and  of  the  co-operation  of 
the  mind  in  the  several  other  parts  of  the  act  of  vision.  To  these  belong 
not  merely  the  act  of  sensation  itself  and  the  perception  of  the  changes 
produced  in  the  retina,  as  light  and  colors,  but  also  the  conversion  of  the 
mere  images  depicted  in  the  retina  into  ideas  of  an  extended  field  of 
vision,  of  proximity  and  distance,  of  the  form  and  size  of  objects,  of  the 
reciprocal  influence  of  different  parts  of  the  retina  upon  each  other,  the 
simultaneous  action  of  the  two  eyes,  and  some  other  phenomena. 

Field  of  Vision. — The  actual  size  of  the  field  of  vision  depends  on 
the  extent  of  the  retina,  for  ouly  so  many  images  can  be  seen  at  any  ont? 
time  as  can  occupy  the  retina  to  the  same  time;  and  thus  considered, 
the  retina,  the  conditions  of  which  are  perceived  by  the  brain,  is  itself 
the  field  of  vision.  But  to  the  mind  of  the  individual  the  size  of  the 
field  of  vision  has  no  determinate  limits;  sometimes  it  appears  very 
small,  at  another  time  very  large;  for  the  mind  has  the  power  of  pro- 
jecting images  on  the  retina  toward  the  exterior.  Hence  the  mental 
field  of  vision  is  very  small  when  the  sphere  of  the  action  of  the  mind  is 
limited  to  impediments  near  the  eye:  on  the  contrary,  it  is  very  exten- 
sive when  the  projection  of  the  images  on  the  retina  toward  the  exterior, 
by  the  influence  of  the  mind,  is  not  impeded.  It  is  very  small  when 
we  look  into  a  hollow  body  of  small  capacity  held  before  the  eyes;  large 
when  we  look  out  upon  the  landscape  through  a  small  opening ;  more  ex- 
tensive when  we  look  at  the  landscape  through  a  window;  and  most  so 
when  our  view  is  not  confined  by  any  near  object.  In  all  these  cases  the 
idea  which  we  receive  of  the  size  of  the  field  of  vision  is  very  different, 
although  its  absolute  size  is  in  all  the  same,  being  dependent  on  the  ex- 
tent of  the  retina.  Hence  it  follows,  that  the  mind  is  constantly  co- 
operating in  the  acts  of  vision,  so  that  at  last  it  becomes  diflRcult  to  say 
what  belongs  to  mere  sensation,  and  what  to  the  influence  of  the  mind. 


THl  SBX6ES. 

By  a  mental  operation  of  this  kind,  we  obtain  a  correct  idea  of  the  size 
of  individual  objects,  as  well  m  of  the  extent  of  the  field  of  vision* 
To  illustrate  this,  it  will  be  well  to  refer  to  ^g,  433; 

The  angle  t,  included  between  the  decussating  central  rays  of  two 
cones  of  light  issning  from  different  points  of  an  object,  is  called  the 


^Q^#^; 
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optical  angle — angulus  opticus  smi  vimrius.  This  angle  becames  larger, 
the  greater  the  distance  between  the  points  a  and  b;  and  since  the  anglea 
ar  and  y  are  ef|ual,  the  distance  between  the  points  a  and  b  in  the  image 
on  the  retiaa  increases  iis  the  angle  becomes  larger.  Objects  at  different 
distances  from  the  eye,  but  having  the  same  optical  angle  x — for  ctxam- 
ple,  the  objects,  i\  d^  and  ^, — most  also  throw  images  of  equal  size  npon 
the  retina;  and,  if  they  occupy  the  same  angle  of  the  field  of  vision, 
their  image  must  occupy  the  same  spot  in  the  retina. 

Nevertheless,  these  images  appear  to  the  mind  to  be  of  very  unequal 
size  when  the  ideas  of  distance  and  proxiraity  come  into  play;  for,  from 
the  image  a  by  the  mind  forms  the  conception  of  a  visual  space  extend- 
ing to  f,  d^  or  r,  and  of  an  object  of  the  size  which  that  represented  by 
the  image  on  tlie  retina  appears  to  have  when  viewed  close  to  the  eye,  or 
nnder  the  most  usual  ci  rcumatanceB. 

Estimation  of  Size* — Our  estimate  of  the  size  of  various  objects  is 
based  partly  on  the  visual  angle  under  which  they  are  seen,  but  much 
more  on  the  estimate  we  form  of  their  distance.  Thus  a  lofty  mountain 
many  miles  off  may  he  seeu  under  the  same  visual  angle  as  a  small  liill 
near  at  hand,  but  we  infer  that  the  former  is  much  the  larger  object 
because  we  know  it  is  much  further  off  than  the  hill.  Our  estimate  of 
distance  is  often  erroneous,  and  consequently  the  estimate  of  size  also. 
Thus  persons  seen  walking  on  the  top  of  a  small  hill  agaiuts  a  clear 
twilight  sky  appear  unusually  large,  because  we  over-estimate  their  dis- 
tance, and  for  similar  reasons  most  objects  in  a  fog  a}ipear  immensely 
magnified.  The  same  mental  process  gives  rise  to  the  idea  of  deptli  in 
the  field  of  vision  j  this  idea  being  fijced  in  our  mind  principally  by  the 
circumstance  that,  as  wo  ourselves  move  forward,  different  images  in 
succession  become  depicted  on  our  retina,  so  that  we  seem  to  pasa 
between  these  images,  wliich  to  the  mind  is  the  same  thing  as  passing 
between  the  objects  themselves. 
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The  action  of  the  sense  of  rision  in  relation  to  external  objectg  ii, 
therefore,  quite  different  from  that  of  the  sense  of  touch.     The  objecti 
of  the  latter  sense  are  immediately  present  to  it;  and  our  own  body,iritti 
which  they  come  in  contact,  is  the  measure  of  their  size.     The  part  of 
a  table  touched  by  the  hand  appears  as  large  as  the  part  of  the  hand 
receiving  an  impression  from  it,  for  a  part  of  our  body  in  which  a  sensi- 
tion  is  excited,  is  here  the  measure  by  which  we  judge  of  the  magnitude 
of  the  object.     In  the  sense  of  vision,  on  the  contrary,  the  images  of  ob- 
jects  are  mere  fractions  of  the  objects  themselves  realized  upon  the 
retina, the  extent  of  which  remains  constantly  the  same.     But  the  imagine 
tion,  which  analyzes  the  sensations  of  vision,  invests  the  images  of  ob- 
jects, together  with  the  whole  field  of  vision  in  the   retina,  with  very 
varying  dimensions;  the  relative  size  of  the  image  in  proportion  to  the 
whole  field  of  vision,  or  of  the  affected  parts  of  the  retina  to  the  whde 
retina,  alone  remaining  unaltered. 

Estimation  of  Direction. — The  direction  in  which  an  object  is 
seen,  depends  on  the  part  of  the  retina  which  receives  the  image,  and  on 
the  distance  of  this  part  from,  and  its  relation  to,  the  central  point  of 
the  retina.  Thus,  objects  of  which  the  images  fall  upon  the  same  parts 
of  the  retina  lie  in  the  same  visual  direction;  and  when,  by  the  acticm 
of  the  mind,  the  images  or  affections  of  the  retina  are  projected  into  tbe 
exterior  world,  the  relation  of  the  images  to  each  other  remains  the 
same. 

Estimation  of  Form. — The  estimation  of  the  form  of  bodies  bj 
sight  is  the  result  partly  of  the  mere  sensation,  and  partly  of  the  associ- 
ation of  ideas.  Since  the  form  of  the  images  perceived  by  the  retina 
depends  wholly  on  the  outline  of  the  part  of  the  retina  affected,  the  sen- 
sation alone  is  adequate  to  the  distinction  of  only  superficial  forms  of 
each  other,  as  of  a  square  from  a  circle.  But  the  idea  of  a  solid 
body  as  a  sphere,  or  a  body  of  three  or  more  dimensions,  e.g.,  a  cube, 
can  only  be  attained  by  the  action  of  the  mind  constructing  it  from  the 
different  superficial  images  seen  in  different  positions  of  the  eye  with 
regard  to  the  object,  and,  asshownby  AVheatstone  and  illustrated  in  the 
stereoscope^  from  two  different  perspective  projections  of  the  body  being 
present  simultaneously  to  the  mind  by  the  two  eyes.  Hence,  when,  in 
adult  age,  sight  is  suddenly  restored  to  persons  blind  from  infancy,  all 
objects  in  the  field  of  vision  appear  at  first  as  if  painted  flat  on  one 
surface;  and  no  idea  of  solidity  is  formed  until  after  long  exercise  of 
the  sense  of  vision  combined  with  that  of  touch. 

The  clearness  with  which  an  object  is  perceived  irrespective  of  accom- 
modation, would  appear  to  depend  largely  on  the  number  of  rods  and 
cones  which  its  retinal  image  covers.  Hence  the  nearer  an  object  is  to 
the  eye   (within  moderate  limits)   the  more  clearly  are  all  its  details 
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seen.  Moreover,  if  we  want  carefully  to  examine  any  object,  we  always 
direct  the  eyes  straight  to  it,  so  tliat  its  image  ehall  fall  on  the  yellow 
spot  where  an  image  of  a  given  area  will  cover  a  larger  number  of  cones 
than  anywhere  else  in  the  retina.  It  has  been  found  that  the  images  of 
two  pointfi  must  be  at  least  3/i  apart  on  the  yellow  spot  in  order  to  be 
distinguished  separately ;  if  the  images  are  nearer  together,  the  points 
appear  as  one.  The  diameter  of  each  cone  in  this  part  of  the  retina  is 
about  3/i. 

Estimation  of  Movement. — We  judge  of  tlie  moiwn  of  an  object^ 
partly  from  the  motion  of  its  image  over  the  surface  of  the  retina,  and 
partly  from  the  motion  of  our  eyes  following  it.  If  the  image  upon  the 
retina  moves  while  our  eyes  and  our  body  are  at  rest,  w*e  eoncUule  that 

•  the  object  is  changing  its  relative  jiosition  wifli  regard  to  ourselves.  In 
such  a  case  the  movement  of  the  object  may  he  apparent  only,  m  when 
we  are  standing  upon  a  body  which  is  in  motion,  such  as  a  ship.  If,  on 
the  other  hand,  the  image  does  not  move  with  regard  to  the  retina,  but 
remains  fixed  npon  the  same  spot  of  that  membrane,  while  our  eyes  fol* 
low  the  moving  body,  we  judge  of  the  motion  of  the  object  by  the  sensa- 
tion of  the  muscles  in  action  to  move  the  eye.  If  the  image  moves  over 
the  surface  of  the  retina  while  the  muscles  of  the  eye  are  acting  at  the 
same  time  in  a  manner  corresponding  to  this  motion,  as  in  reading,  we 
infer  that  the  object  is  stationary,  and  we  know  that  we  are  merely 
altering  the  rehitions  of  our  eyes  to  the  object.  Sometimes  the  object 
appears  to  move  when  both  object  and  eye  are  fixed,  as  in  vertigo. 

The  mind  can,  by  the  faculty  of  attention^  concentrate  its  activity 
more  or  less  exclusively  npon  the  sense  of  sight,  hearing,  and  touch  alter- 
nately. When  exclusively  occupied  with  tlio  action  of  one  sense,  it  is 
scarcely  conscious  of  the  sensations  of  the  others.  The  mind,  when  deeply 
immersed  in  contemplations  of  another  nature,  is  indifferent  to  the  ac- 
tions  of  the  sense  of  sight,  as  of  every  other  sense.  We  often,  when 
deep  in  thought,  have  our  eyes  open  and  fixed,  but  see  nothing,  because 
of  the  stimohis  of  ordinary  light  being  unable  to  excite  the  brain  to 
perception,  when  otherwise  engaged.  The  attention  wiiich  is  thus 
necessary  for  vision,  is  necessary  also  to  analyze  what  the  field  of  vision 
presents.  The  mind  does  not  perceive  all  the  objects  presented  by  the 
field  of  vision  at  the  same  time  with  equal  acuteness,  hut  directs  itself 
first  to  one  and  then  to  another.  The  sensation  becomes  more  intense, 
according  as  the  particular  object  is  at  the  time  the  principal  object  of 
mental  contemphition.  Any  compound  mathematical  figure  produces  a 
different  impression  according  as  the  attention  is  directed  exclusively  to 
one  or  the  other  part  of  it.  Thus  in  fig.  433  a,  we  may  in  succession 
have  a  vivid  perception  of  the  whole,  or  of  distinct  parts  only;  of  the 
six  triangles  near  the  outer  circle,  of  the  hexagon  in  the  middle,  of  the 
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three  large  triangles.  The  more  numerous  and  yaried  the  parts  of  whidi 
a  figure  is  composed  the  more  scope  does  it  afford  for  the  play  of  the 
attention.     Hence  it  is  that  architectural  ornaments  haye  an  enlivening 


Fig.  438  a. 

'effect  on  the  sense  of  vision,  since  they  afford  constantly  freah  sabject 
for  the  action  of  the  mind. 

Color  Sensations. — If  a  ray  of  sunlight  be  allowed  to  pass  througk 
a  prism,  it  is  decomposed  by  its  passage  into  rays  of  different  colon, 
which  are  called  the  colors  of  the  spectrum;  they  are  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet.  The  red  rays  are  the  least  turned  out  of 
their  course  by  the  prism,  and  the  violet  the  most,  while  the  other  colon 
occupy  in  order  places  between  these  two  extremes.  The  differences  in 
the  color  of  the  rays  depend  upon  the  number  of  vibrations  producing 
each,  the  red  rays  being  the  least  rapid  and  the  violet  the  most.  In 
addition  to  the  colored  rays  of  the  spectrum,  there  are  others  which  are 
invisible,  but  which  have  definite  properties,  those  to  the  left  of  the  red, 
and  less  refrangible,  being  the  calorific  rays  which  act  upon  the  ther- 
mometer, and  those  to  the  right  of  the  violet,  which  are  called  the  actinic 
or  chemical  rays,  which  have  a  powerful  chemical  action.  The  rajs 
which  can  be  perceived  by  the  brain,  i.e.,  the  colored  rays,  must  stimn- 
late  the  retina  in  some  special  manner  in  order  that  colored  vision  may 
result,  and  two  chief  explanations  of  the  method  of  stimulation  ha^ 
been  suggested. 

(1.)  The  one,  originated  by  Young  and  elaborated  by  Helmholtz,  holds 
that  there  are  three  primary  colors,  viz.,  red,  green,  and  violet,  and  that 
in  the  retina  are  contained  rods  or  cones  which  answer  to  each  of  these 
primary  colors,  whereas  the  innumerable  intermediate  shades  of  color  are 
produced  by  stimulation  of  the  three  primary  color  terminals  in  different 
degrees,  the  sensation  of  white  being  produced  at  the  same  time  when 
the  three  elements  are  equally  excited.  Thus  if  the  retina  be  stimulated 
by  rays  of  certain  wave  length,  at  the  red  end  of  the  spectrum,  the 
terminals  of  the  other  colors,  green  and  violet,  are  hardly  stimulated  at 
all,  but  the  red  terminals  are  strongly  stimulated,  the  resulting  sensation 
being  red.  The  orange  rays  excite  the  red  terminals  considerably,  the 
green  rather  more,  and  the  violet  slightly,  the  resulting  sensation  being 
that  of  orange,  and  so  on  (fig.  434) . 

(2.)  The  second  theory  of  color  (Bering's)  supposes  that  there  are  sii 


THS  BEBBES. 


703 


TOrimary  color  sensations,  of  three  pair  of  antagonistic  or  conipitimental 
I  colore,  black  and  white,  red  and  green,  and  yellow  and  blue,  and  that 
these  are  produced  by  the  changes  either  of  diBintegration  or  of  aasima- 
lation  taking  place  in  certain  Bubstances,  somewhat  it  may  be  supposed  of 
the  nature  of  the  visual  purple,  which  (the  theory  supposes  to)  exist  in 
the  retina*  Each  of  the  substances  corresponding  to  a  pair  of  colors, 
being  capable  of  undergoing  two  changes,  one  of  construction  and  the 
other  of  disintegration,  with  the  result  of  producing  one  or  other  color. 
For  instance,  in  the  white* black  substance,  when  disiutegration  is  in 
excess  of  construction  or  assimilation,  the  sensation  is  white,  and  when 
assimilation  is  in  excess  of  disintegration  the  reverse  is  the  case;  and 
similarly  with  the  red-green  substance,  and  with  the  yellow-blue  sub- 
[  stance.     When  the  repair  and  disintegration  are  equal  with  the  first 
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Fig.  434.— DlftgTiim  of  the  tlirw  primary  color  tenaationa    Oi'oimK^HeUiiholta  theory  )    l,  is 

m  red;  S,  greeii^«Dil  S,  Tiolet.  priuuuy  uolor  fien§atloiw.     The  letterin^^"  iniUcattw  thf^  colors  of 

[  the  spebtniUL.    The  diaKraui   Indlcateii  by  tlie  beij^bt  of  the  cune  ui  what  fxtent  th©  several 
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primary  semgatlooB  of  color  are  eiclted  by  Fibratlon»  of  ctlfferpnt  wavi*  lenicth«, 

Fl»r.  43&. — Diagram  of  the  variouii  Hitnfile  And  «?{*m[>oun(l  enlcira  uf  light,  uud  thnse  trhieli  are 
complf mental  of  each  oiher,  i.e.»  whicb,  when  raix*"^l,  pr<Hlucf  a  neutral  ^ray  lini.  The  three 
simple  L-olora,  red,  yellow,  and  blue»  are  placedi  ax  the  jvn^'Jes  of  an  mpii lateral  trianttlt*.  whidl 
are  cunnect«l  together  by  means  of  a  circle;  tlie  [nixed  enkirs,  irrr^en^  oran>fis  and  violet,  ore 
plac*»d  intermediate^  betwe*»n  tlie  oorrespondm^'^  eimplii*  or  honio>ii*neuu8  Of^lrjfrs;  and  the  ecim- 
pleuiental  colors,  of  which  the  plgrnecits,  when  tiiixe*!,  wouldconHtitnteft  jfroy.  Jind  of  which  the 
prismatic  spectra  would  tog*  tht-r  prtxiuew  a  whitJH  li^ht,  will  Ix?  found  to  b<^  placed  in  each  case 
opposite'  to  each  other,  but  coiintn^ted  by  a  line  pasKiog  through  the  centre  of  the  circle.  The  fle- 
ure  iK  also  useful  in  ^bowing  the  further  similes  of  color  which  are  coinpleiiM?ntai-y  of  eacJi 
other.  If  the  circle  Ix*  suppostKl  uy  cnnlain  every  traniiition  f^t  color  lietweeii  the  six  marked 
down,  those  which,  when  united,  yield  a  white  or  gray  color,  wiU  alwayn  liie  found  directly  op- 
poHitt*^  to  each  other;  thus,  for  example,  the  intermediate  tint  between  oranfire  *nd  red  Is  eom> 
plemeutat  of  the  middle  tint  between  green  and  blue. 

substance,  the  visual  sensation  is  gray;  but  iu  the  otlier  |mirs  when  this 
is  the  case,  uo  sensation  occurs.  The  rays  of  the  siH2Ctrum  to  the  left 
produce  changes  in  the  red-green  substance  only,  with  a  resulting  sensa- 
tion of  red,  while  the  (oraDge)  rays  further  to  the  right  affect  both  the 
red-green  and  the  yellow-hlue  substances;  blue  rays  C4iusc  constructive 
changes  in  the  yellow-blue  substances  but  none  in  the  red-green  and  so 
on.  These  changes  produced  in  the  visual  substances  in  the  retina  are 
perceived  by  the  brain  as  sensations  of  color. 

The  spectra  left  by  tlie  images  of  white  or  luminous  objects  are 
ord i n ar i ly  wli i te  or  lu m i n ous ;  those  left  by  dark  objects  are  dark .  Some- 
times, however,  the  relation  of  the  light  and  dark  parts  in  the  imago 
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may,  under  certain  circumstances,  be  reversed  in  the  spectrum;  what 
was  bright  may  be  dark,  and  what  was  dark  may  appear  light.  This 
occurs  whenever  the  eye,  which  is  the  seat  of  the  spectrum  of  a  luminoog 
object,  is  not  closed,  but  fixed  upon  another  bright  or  white  surface,  u 
a  white  wall,  or  a  sheet  of  white  paper.  Hence  the  spectrum  of  the  son, 
which,  while  light  is  excluded  from  the  eye,  is  luminous,  appears  bUck 
or  gray  when  the  eye  is  directed  upon  a  white  surface.  The  explanation 
of  this  is,  that  the  part  of  the  retina  which  has  received  the  luminoni 
image  remains  for  a  certain  period  afterward  in  an  exhausted  or  ]m 
sensitive  state,  while  that  which  has  received  a  dark  image  is  in  an 
unexhausted,  and  therefore  much  more  excitable  condition. 

The  ocular  spectra  which  remain  after  the  impression  of  colored  ob- 
jects upon  the  retina  are  always  colored ;  and  their  color  is  not  that  of 
the  object,  or  of  the  image  produced  directly  by  the  object,  but  the  oppo- 
site, or  compleniental  color.  The  spectrum  of  a  red  object  is,  therefore, 
green ;  that  of  a  green  object,  red ;  that  of  violet,  yellow ;  that  of  yellow, 
violet,  and  so  on.  The  reason  of  this  is  obvious.  The  part  of  the 
retina  which  receives,  say,  a  red  image,  is  wearied  by  that  particular 
color,  but  remains  sensitive  to  the  other  rays  which  with  red  make  up 
white  light;  and,  therefore,  these  by  themselves  reflected  from  a  white 
object  produce  a  green  hue.  If,  on  the  other  hand,  the  first  object 
looked  at  be  green,  the  retina  being  tired  of  green  rays,  receives  a  red 
image  when  the  eye  is  turned  to  a  white  object.  And  so  with  the  other 
colors;  the  retina  while  fatigued  by  yellow  rays  will  suppose  an  object  to 
be  violet,  and  vice  versa;  the  size  and  shape  of  the  spectrum  correspond- 
ing with  the  size  and  shape  of  the  original  object  looked  at.  The  colors 
which  thus  reciprocally  excite  each  other  in  the  retina  are  those  placed 
at  opposite  points  of  the  circle  in  fig.  435.  The  peripheral  parts  of  the 
retina  do  not  react  to  rays  of  red.  The  area  of  the  retina  which  is 
capable  of  receiving  impressions  of  color,  and  therefore  the  field  of 
vision,  is  slightly  different  for  each  color. 

Color  Blindness  or  Daltonism, — Daltonism  or  color-blindness  is  a  by 
no  means  uncommon  visual  defect.  One  of  the  commonest  forms  is  the 
inability  to  distinguish  between  red  and  green.  The  simplest  explana- 
tion of  such  a  condition  is,  that  the  elements  of  the  retina  which  receive 
the  impression  of  red,  etc.,  are  absent,  or  very  imperfectly  develope<l,  or, 
according  to  the  other  theory,  that  the  red-green  substance  is  absent 
from  the  retina.  Other  varieties  of  color  blindness  in  which  the  other 
color-perceiving  elements  are  absent  have  been  shown  to  exist  occasionally. 

The  Reciprocal  Action  of  Differext  Parts   of  the   Retixa. 

Although  each  elementary  part  of  the  retina  represents  a  distinct 
portion  of  the  field  of  vision,  yet  the  different  elementary  parts,  or  sensi- 
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fcivo  points  of  that  membrane,  have  a  certain  influence  on  each  other; 
the  particular  condition  of  one  influencing  the  other,  bo  that  the  image 
^rceived  by  one  part  is  modified  by  the  image  depicted  in  the  other. 
tThe  phenomena  which  result  from  this  relation  between  the  different 
barts  of  the  retina,  may  be  arranged  in  two  classes:  the  one  including 
those  where  the  condition  existing  in  the  greater  extent  of  the  retina  is 
imparted  to  the  remainder  of  that  membrane;  the  other,  consisting  of 
^086  in  which  the  condition  of  the  larger  portion  of  the  retina  excites, 
III  the  less  extensive  portion,  the  opposite  condition. 
I       1,  When  two  opposite  impressions  occur  in  contiguous  parts  of  an 
image  on  the  retina,  the  one  impression  is,  under  certain  circumstances, 
moditied  by  the  other.     If  the  impressions  occupy  each  one-half  of  the 
lage,  this  does  not  take  place;  for  in  that  ease,  their  actions  are  equally 
anced.     But  if  one  of  the  impressions  occupies  only  a  sma]!  part  of 
he  retina,  and  the  other  the  greater  part  of  its  surface,  the  latter  may, 
lif  long  continued,  extend  its  influence  over  the  whole  retina,  qo  that 
the  opposite  less  extensive  impression  is  no  longer  perceived,  and  its 
laci?  becomes  occnpied  by  the  same  sensation  as  the  rest  of  the  field  of 
Tision,     Thus,  if  we  fix  the  eye  for  some  time  upon  a  strip  of  colored 
aper  lying  upon  a  white  surface,  the  image  of  the  colored  object^  espe- 
ially  when  it  falls  on  the  lateral  parts  of  the  retina  will  gradually  dis- 
appear, and  the  white  surface  be  seen  in  its  place. 

2.  In  the  second  chisa  of  phenomena,  the  affection  of  one  part  of  the 
tina  influences  that  of  another  part,  not  in  such  a  manner  as  to  ob- 
literate it,  but  80  as  to  cause  it  to  become  the  contrtist  or  opposite  of 
itself.  Thus  a  gray  spot  upon  a  w^hite  ground  appears  darker  than  the 
►me  tint  of  gray  would  do  if  it  alone  occupied  the  whole  field  of  vision, 
and  a  shadow  is  always  rendered  deeper  when  the  light  which  gives  rise  to 
it  becomes  more  intense,  owing  to  the  greater  contrast. 

The  former  phenomena  ensue  gradually,  and  only  after  the  images 
have  been  long  fixed  on  the  retina;  the  latter  are  instantaneous  in  their 
production,  and  are  permanent. 

In  the  same  way,  also,  colors  may  be  produced  by  contrast.  Thus,  a 
small  dull  gray  strip  of  paper,  lying  upon  an  extensive  surface  of 
any  bright  color,  does  not  appear  gray,  but  has  a  faint  tint  of  the  color 
which  is  the  complement  of  that  of  the  surrounding  surface.  A  strip 
of  fjray  paper  upon  a  green  field,  for  example,  often  appears  to  have 
a  tint  of  red,  and  when  lying  upon  a  red  surface,  a  greenish  tint;  it  has 
an  orange-colored  tint  upon  a  bright  blue  surface,  and  a  bluish  tint 
upon  an  orange-colored  surface;  a  yellowish  color  upon  a  bright  violet^ 

tand  a  violet  tint  upon  a  bright  yellow  surface.  The  color  excited  thus,  as 
a  contrast  to  the  exciting  color,  being  wholly  independent  of  any  rays  of 
the  corresponding  color  acting  from  without  upon  the  retina,  must  arise  as 
^ J 
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an  oppo&i(«  or  antagonistic  condition  of  that  membrane;  andHieoiipQili 
conditions  of  which  the  retina  thus  becomes  the  subject  would  leaiito 
balance  each  other  by  their  reciprocal  reaction,  A  necessary  condition 
for  the  production  of  the  contrasted  colors  is,  that  the  part  of  the  retia* 
in  which  the  new  color  is  to  bo  excited,  shall  be  in  a  state  of  comparatire 
repose;  hence  the  small  object  itself  must  be  gray.  A  second  condition 
is,  that  the  color  of  the  surrounding  surface  shall  be  very  bright,  thatig, 
shall  contain  much  white  light. 

Binocular  Vision, 

Although  the  sense  of  sight  is  exercised  by  the  two  eyes,  yet 
pression  of  an  object  conveyed  to  the  mind  is  single.      Various  thcmM 
have  been  advanced  to  account  for  this  phenomenon. 

By  Gall  it  waa  supposed  that  we  do  not  reaUy  employ  both  eyes  li- 
multaneously  in  vision,  but  alwaVs  see  with  only  one  at  a  time.     Thii 
especial  employment  of  one  eye  in  vision  certainly  occurs  in  pensom 
whose  eyea  are  of  very  unequal  focal  distance,  but  in  the  majoritjof 
individuals  both  eyes  are  simultaneously  in  action,  in  the  perception  of 
the  same  object;  this  is  shown   by  the  double  images  seen  under  certain 
conditions.     If  two  fingers  be  held  up  before  the  eyes,  one  in  front  of 
the  other,  and  vision  be  directed  to  the  more  distant,  so  that  it  k  secQ 
singly,  the  nearer   will  appear  double;    while,   if   the   nearer  one  be 
regarded,  the  most  distant  will  be  seen  double;  and  one  of  the  double 
images  in  each  case  will  be  found  to  belong  to  one  eye,  the  other  to  th% 
other  eye. 

Diplopia. — Single  vision  results  only  when  certain  parts  of  the  two 
retina?  are  affected  simultaneously;  if  diiferent  parts  of  the  retina*  re- 
ceive the  image  of  the  object,  it  is  seen  double.  This  may  be  readilf 
illustrated  as  follows: — the  eyea  are  fixed  upon  some  near  object,  and  one 
of  them  is  pressed  by  the  thumb  so  as  to  be  turned  slightly  in  or  out;  two 
images  of  the  object  (Diplopia)  are  at  once  perceived,  just  as  is  freqaeutlj 
the  case  in  persons  who  squint.  This  diplopia  is  due  to  the  fact  that  the 
images  of  the  object  do  not  fall  on  corresponding  points  in  the  two 
retinaB. 

The  parts  of  the  retinae  in  the  two  eyes  which  thus  correspond  19 
each  other  in  the  property  of  referring  the  images  which  affect  th^*© 
simultaneously  to  the  aamt  spo.  in  the  field  of  vision,  are,  in  man,  juft 
those  parts  which  would  correspond  to  each  other,  if  one  retina  were 
placed  exactly  in  front  of,  and  over  the  other  (as  in  fig.  436).  Thus. 
as  we  have  noticed  in  speaking  of  the  distribution  of  the  optic  neme- 
fibresj  the  temporal  portion  of  one  eye  corresponds  to,  or,  to  use  a  Mter 
term,  is  identical  with  the  nasal  portion  of  the  other  eyej  or  a  of  the 


THE  SENSES. 


707 


eye  a  (%*  436),  with  a*  of  the  eye  b.  The  iipper  part  of  one  retina  is 
also  identical  with  the  upper  part  of  the  other;  and  the  lower  parts  of 
the  two  eyes  are  identical  with  each  other.  The  distribution  of  the  optic 
nerve-tibres  correspond  with  their  distribution.  The  identical  points  on 
tile  upper  and  lower  parts  of  the  retioas  may  also  be  shown  by  the  fol- 
lowing simple  experiment* 

Pressure  upon  any  part  of  the  ball  of  the  eye,  so  as  to  affect  the  retina, 
produces  a  luminous  circle,  seen  at  the  opposite  side  of  the  field  of  vision 
to  that  on  which  the  preesnre  is  made.  If,  now,  in  a  dark  room,  we 
press  with  the  finger  at  the  upper  part  of  one  eye,  and  at  the  lower  part 
of  the  other,  two  luminous  circles  are  seen,  one  above  the  other ;  so, 
i^so,  two  figures  are  seen  when  pressure  is  made  simultaneously  on  the 
two  outer  or  the  two  inner  sides  of  both  eyes.  It  is  certain,  therefore, 
that  neither  the  upper  part  of  one  retina  and  the  low^er  part  of  the  other 
are  identical,  nor  the  outer  lateral  parts  of  the  two  retinae,  nor  their 
inner  lateral  portions.     But  if  pressure  be  made  with  the  fingers    upon 


Fig.  43(1— Dtagram  lo  itiow  the  corresiioadlng  pArts  of  both  retiDo. 


both  eyes  simultaneously  at  their  lower  part,  one  luminous  ring  is  seen 
at  the  middle  of  the  upper  part  of  the  field  of  vision;  if  the  pressure  be 
applied  to  the  upper  part  of  both  eyes  a  single  luminous  circle  is  seen  in 
the  middle  of  the  field  of  vision  below.  8o,  also,  if  we  press  upon  the 
outer  side  a  of  the  eye  a,  and  upon  the  inner  side  a*  of  the  eye  B,  a 
single  spectrum  is  produced,  and  is  apparent  at  the  extreme  right  of  the 
field  of  vision;  if  upon  the  point  h  of  one  eye,  and  the  point  ¥  of  the 
other,  a  single  spectrum  is  seen  to  the  extreme  left. 

The  spheres  of  the  two  retinae  may,  therefore,  be  regarded  m  lying 
one  over  the  other,  as  in  c,  fig,  430;  so  that  the  left  portion  of  one  eye  lies 
over  the  identicalleft  portion  of  the  other  eye,  the  right  portion  of  one 
eye  over  the  identical  right  portion  of  the  other  eye;  and  with  the 
upper  and  lower  portions  of  the  two  eyes,  a  lies  over  a\  h  over  h ,  and  c 
over  c'.  The  points  of  the  one  retina  intermediate  between  a  and  e  are 
again  identical  with  the  corresponding  points  of  the  other  retina  between 
a*  and  c';  those  between  h  and  c  of  the  one  retina,  with  those  between  V 
and  c'  of  the  other.  If  the  axes  of  the  eyes,  a  and  b  (fig,  437),  be  so 
directed  that  they  meet  at  a,  an  object  at  a  will  be  seen  singly,  for  the 
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point  a  of  the  one  retina,  and  a  of  the  other  are  identical*  So^  also," 
the  object  fi  be  so  situated  thut  its  image  falls  in  both  eyes  at  tin*  sjiiinj 
distance  from  tho  central  point  of  the  retina, — namely,  at  b  in  the  one 
eye,  and  at  b'  in  the  other, — ^  will  be  seen  single,  for  it  affoctg  tdenticiil 
parts  of  the  two  retinie.     The  same  will  apply  to  the  object  f. 

In  quadrupeds,  the  relation  between  the  identical  and  non- identical 
parts  of  the  retina  cannot  be  the  same  as  in  man;  for  the  axes  of  their 
eyes  generally  diverge,  and  can  never  be  made  to  meet  in  one  point  of 
an  object.  When  such  an  animal  regards  an  object  situated  diroetly  m 
front  of  it,  the  image  of  Ihe  object  must  fall,  in  both  eyes,  on  the  outer 
portion  of  the  retina?.  Thus  the  image  of  the  object  a  {fig.  438)  will  fall 
at  a'  in  one,  and  at  a*  in  the  other:  and  theae  points  a!  and  a'  must  be 
identicah     So,  also,  for  distinct  and  single  vision  of  objects,  b  or 


Fig.  4»T. 

Ftg:,  497.^Diafrram  to  show  the  rimullozieouB  actlcm  of  the  eym  io  rlewfng  objects  ta  dS* 
fereot  directions. 

Fig,  498.  — Df  Agram  to  show  th«  oorrecpondlng  pwrtfl  of  Vbe  retluA  In  tb«  harm. 

points  b*  and  b'  or  e*  c',  in  the  two  retime,  on  which  the  imagas  of  Ham 
objects  fall,  must  be  identical  All  points  of  the  retina  in  each  §yd 
which  receive  rays  of  light  from  lateral  objects  only,  can  Imve  no  cone- 
gjwnding  identical  pointji»  in  the  retina  of  the  other  eye;  for  otherriw 
two  objects,  one  situated  to  the  right  and  the  other  to  the  left,  would 
appear  to  He  in  the  same  spot  of  the  field  of  vision'.  It  b  probable, 
therefore,  that  there  are  in  the  eyes  of  animals,  parts  of  the  reitni* 
which  are  identical,  and  parts  which  are  not  identical,  i.^.,  part§  in  one 
which  have  no  corresponding  parts  in  the  other  eye.  And  the  relation 
of  the  two  retinie  to  each  other  in  the  field  of  vision  may  be  fepmieoled 
a6  in  fig.  439. 

The  cause  of  the  impressions  on  tho  identical  points  of  the  two  retiiut 
giving  rise  to  but  one  sensation,  and  the  perception  of  a  single  inuig0i 
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must  either  lie  in  the  Btructural  organization  of  the  deeper  or  cere* 
bral  portion  of  the  visual  apparatus,  or  be  the  result  of  a  mental  opera- 
tion; for  in  no  other  case  is  it  the  property  of  the  corresponding  nerves 
of  the  two  sides  of  the  bodj  to  refer  their  sensationfi  as  one  to  one  spot* 


Many  attempts  have  been  made  to  explain  this  remarkable  relation 
between  the  eyes,  by  referring  it  to  anatomical  relation  between  the 
optic  nerves.  The  circnmstance  of  the  inner  portion  of  the  fibres  of  the 
two  optic  nerves  decussating  at  the  commissure,  and  passing  to  the  eye 
of  the  opposite  side,  while  the  outer  portion  of  the  fibres  continue  their 
course  to  the  eye  of  the  same  side,  so  that  the  left  side  of  both  retinas  is 
formed  from  one  root  of  the  nerves,  and  the  right  side  of  both  retinae 
from  the  outer  root,  naturally  led  to  an  attempt  to  explain  the  phenomenon 
by  this  distribution  of  the  fibres  of  the  nerves  And  this  explanation  is 
favored  by  cases  in  which  the  entire  of  one  side  of  the  retina,  as  far  as 
the  central  point  in  both  eyes,  sometimes  becomes  insensible.  But 
Midler  hm  endeavored  to  show  the  inadeqnatenessof  this  theory  to  ex- 
plain the  phenomenon,  unless  it  be  supposed  tliat  each  fibre  in  each  cere- 
bral portion  of  the  optic  nerves  divides  in  the  optic  commissure  into  two 


Fig,  440.— DlagFainJi  to  lUustrate  three  tln^ories  to  f^xplnin  the  action  of  ijmmetrlcal  pAzts  of 

the  retltiii. 

branches  for  the  identical  points  of.  the  two  retinae,  as  is  shown  in  a, 
fig.  440.     But  there  is  no  foundation  for  such  supposition. 

By  another  theory  it  is  assumed  that  each  optic  nerve  contains  exactly 
the  same  number  of  fibres  as  the  other,  and  that  the  corresponding  fibres 
of  the  two  nerves  are  united  in  the  sensorium  (as  in  fig,  440,  b).  But 
in  this  theory  no  account  is  taken  of  the  partial  decussation  of  the  fibres 
of  the  nerves  in  the  optic  commissure. 
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According  to  a  third  theory,  the  fibres  a  and  a',  fig.  440,  c,  comiif 
from  identical  points  of  the  two  retinae,  are  in  the  optic  commiaiaie 
brought  into  one  optic  nerve,  and  in  the  brain  either  are  united  by  & 
loop,  or  spring  from  the  same  point.  The  same  disposition  prevails  in 
the  case  of  the  identical  fibres  b  and  b'.  According  to  this  theory,  the 
left  half  of  each  retina  would  be  represented  in  the  left  hemisphere  of 
the  brain,  and  the  right  half  of  each  retina  in  the  right  hemisphere. 

Another  explanation  is  founded  on  the  fact,  that  at  the  anterior  pan 
of  the  commissure  of  the  optic  nerve,  certain  fibres  pass  across  from  the 
distal  portion  of  one  nerve  to  the  corresponding  portion  of  the  other 
nerves,  as  if  they  were  commissural  fibres  forming  a  connection  between 
the  retinae  of  the  two  eyes.  It  is  supposed,  indeed,  that  these  fibres  may 
connect  the  coiTesponding  parts  of  the  two  retinae,  and  may  thus  explain 
their  unity  of  action ;  in  the  same  way  that  corresponding  parts  of  the 
cerebral  hemispheres  are  believed  to  be  connected  together  by  the  com- 
missural fibres  of  the  corpus  callosum,  and  so  enabled  to  exercise  nnitj  of 
function. 

Judgement  of  Solidity.— On  the  whole,  it  is  probable,  that  the  power 
of  forming  a  single  idea  of  an  object  from  a  double  impression  conveyed 


F      I 


Fig.  441.— Diagrams  to  illustrate  how  a  judgment  of  a  figure  of  three  dimensions  is  obtained. 

by  it  to  the  eyes  is  the  result  of  a  mental  act.     This  view  is  supjx>rted 
by  the  same  facts  as  those  employed  by  Wheatstone  to  show  that  this 
power  is  subservient  to  the  purpose  of  obtaining  a  right  perception  of 
bodies  raised  in  relief.     When  an  object  is  placed  so  near  the  eyes  that 
.  to  view  it  the  optic  axes  must  converge,  a  different  perspective  projec'- 
tion  of  it  is  seen  by  each  eye,  tliese  perspectives  being  more  dissimilar  a3 
the  convergence  of  the  optic  axes  becomes  greater.     Thus,  if  any  figure 
of  three  dimensions,   an  outline  cube,  for  example,  be  held  at  a  moderate 
distance  before  the  eyes,  and  viewed  jvith  each  eye  successively  while  the 
head  is  kept  perfectly  steady,  a  (fig.  441)  will  be  the  picture  presented 
to  the  right  eye,  and  B  that  seen  by  the  left  eye.     Wheatstone  has  shown 
that  on  this  circumstance  depends  in  a  great  measure  our  conviction 
of  the  solidity  of  an  object,  or  of  its  projection  in  relief.      If  different 
perspective  drawings  of  a  solid  body,  one  representing  the  image  seen  by 
the  right  eye,  the  other  that  seen  by  the  left  (for  example,  the  drawing 
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of  a  cube,  a,  b,  fig.  441)  be  presenUnl  to  corresponding  parta  of  the  two 
retinje,  aa  may  be  readily  done  by  means  of  the  stereoscope,  the  mind 
will  perceive  not  merely  a  single  representation  of  the  object,  but  a  body 
projecting  in  relief,  the  exact  counterpart  of  that  from  which  the  draw- 
ings were  made. 

By  transposing  tw^o  stereoscopic  pictures  a  reverse  effect  is  produced ; 
the  elevated  part^  appear  to  be  depre^ed,  and  vim  rersd.  An  instru- 
ment contrived  with  thLs  purpose  is  termed  o,  psevdosmpc.  Viewed  with 
tliis  instrument  a  bust  appears  as  a  hollow  mask,  and  as  may  readily  be 
imagined  the  effect  is  mo^t  bewildering. 

There  can  be  no  doubt  in  order  that  the  image  of  an  object  should  fall 
upon  corresponding  points  in  the  two  retime,  it  is  essential  that  the  move- 
ments of  the  eyes  should  be  accurately  co-ordinated »  and  the  method  of 
this  co-ordination  is  not  so  easily  understood  when  exam i tied  carefully. 
Thus,  suppose  the  eyes  be  directed  downward  anil  to  tbe  left,  On  the  left 
side,  the  inferior  rectus,  the  extenml  rectus,  and  the  superior  oblique 
wonld  contract,  and,  on  the  right  side  the  inferior  rectus,  internal  rectus, 
and  superior  oblique.  In  other  words,  a  different  set  of  muscles  on 
either  side,  and  supplied  to  a  certain  extent  by  different  nerves.  There 
must  be  some  co-ordinating  centre  for  these  binocular  movements.  It  is 
thought  that  this  centre  is  localized  iii  tbe  anterior  corpus  quadrigerai- 
nuni,  since  stimuhition  of  it  causes  conjugal  lateral  movement  of  the  visual 
axes  to  the  opposite  side,  and  stimulation  at  another  spot  produces  move- 
ments downward  and  inward.  The  posterior  longitudinal  bundle  of  fibres 
described  ixs  fouud  in  the  pons  and  crui^,  ap})eur8  to  be  concerned  in  some 
way  with  tlie  simultaneous  niovemeut  of  the  eyesj  it  appears  to  unite  the 
nuclei  of  the  three  nerves  to  tbe  ocular  niuscles,  the  sLxth,  fourth,  and 
third.  In  it  are  said  to  be  coutained  fibres  from  the  sixth  nerve  of  tbe 
opposite  side  which  go  to  the  nucleus  of  the  third  nerve  of  the  same  side; 
and  this  would  serve  to  connect  the  nerve  supply  of  the  internal  rectus 
of  one  side,  and  the  external  rectus  of  the  other  side.  It  appears,  how- 
ever, that  there  is  no  evidence  to  asaume  that  the  fibres  of  the  sixth 
nerve  decussate,  but  those  of  the  fourth  nerve  do  entirely,  and  those  of 
the  third  J  partiidly. 


CHAPTEE  XYIIL 

THE    REPRODUCTIVE    ORGANS. 

BEFOBEdescribiDg  the  method  of  Reproduction,  or  the  way  which  tlw 
species  ia  propagated,  it  will  be  advisable  to  desoribe 

The  Genital  Organs  op  the  Fehalk. 

The  female  organs  of  generation  (tig.  442)  consist  of  two  ovaries^  tise 
function  of  which  is  the  formation  of  ova;  of  a  Fathjiian  iuht,  «>r 
oviducf^  connected  with  eaah  ovary,  for  the  purpose  of  conducting  ibe 
ovum  from  the  ovary  to  the  uterus  in  the  cavity  of  which,  if  imprtg* 


Tig.  44S,  ---IMairFuniiiAtIc  Tlew  of  the  nienia  and  f ts  appendairga,  i 
STUB  and  iippM-  p«rt  of  the  vairitia  hun  been  UUd  open  by  remorl, 
Fktlopfaii  tube,  round  lijcament,  and  crvBrian  ligament  have  been  cul  i 


ntenw  and  iippw  p«rt  of  the  vairitia  hxre  been  UUd  open  hy  remorliir  the  posterior  <»ft>I 
Fktlopfaii  tube,  round  lijcament,  and  crvBrian  ligament  have  been  cul  loart,  Wid  the  brood 
nkent  Fcrmored  on  the  left  aide;  «,  tb«  upper  p«rt  of  the  utenui;  c,  tl>e  »vrvix  ijpi>o»rtr  the  m 


X 

e«TTl«al 


temnm ;  the  trlaDi^lar  shape  of  the  utenoe  oaTtty-  la  ihown,  and  th 

oairity  with  the  ruffle  t«rm<»d  arbor  rite;   r,  upper  part  of  the  vn 

OTidiict;  the  narrow  com tnun (cation  of  its  cavity  with  that  of  the  i 

aid**  is  wen;  /,  round  If^nient:  fo,  Hfranient  of  the  orary;  o.  ovnrj";  «.  wiJt*  tjut**r  part  <€  OP 

rff^ht   Fallopiati   tube;  fi,  Uh  fbribriiit^'d  extnniiity;  po,  parovarium;  h^  one  of  the  hydatidift^ 

quently  found  coooected  with  the  broad  lif^ament.     ji^.     (Alleo  Thomaon.} 

nated,  it  ia  retained  until  the  embryo  is  fully  developed,  »nd  fitt«*l  to     « 
maintain  itg  existence  independently  of  internal  connection  with  tbf  S 


parent;  and,  lastly,  of  a  canal,  or  vagina^  with  it«  appendages,  for  the 
reception  of  a  male  organ  in  the  act  of  copulation,  and  for  the  snbseqneitt 
discharge  of  the  fcetus. 

The  Ovaries, — ^The  ovaries  are  two  oval  compreaaedbodios,  sitaate^i 
in  the  cavity  of  the  pelvis,  one  on  each  side,  and  are  adherent  lo  the 
posterior  surface  of  the  broad  ligament  by  their  anterior  border.    Tkii 
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border  of  the  ovary  is  called  the  hilum^  and  it  is  at  this  point  that  the 
blood-vessels  and  nerves  enter  it.     Each  ovary  measures  about  an  inch 

land  a  half  in  length  (3.75  cm.),  three  quarters  of  an  inch  in  width 
^1.86  cm.),  and  nearly  half  an  inch   (1.25  cm.)   in    thickness,  and  is 

I  attached  to  the  nterus  by  a  narrow  fibrous  cord  (the  ligament  of  the 
ovary),  and,  more  slightly,  to  the  Fallopian  tubes,  by  one  of  the  fimbriae 
into  which  the  w^alls  of  the  extremity  of  the  tube  expand, 

iStrueture.^'A  layer  of  condensed  connective  tissue,  called  the  tunica 
albiiffineit^  surrounds  the  ovary ,  and  this  is  covered  on  the  outside  by  epi- 
thelium (germ-epithelium),  the  cells  of  which  although  continuous  with, 


Fi(f,  443.— Vtew  of  a  »eetifiii  of  the  ov&ry  of  the  cat.  1.  oijt*»r  corerin^  and  free  bonier  of 
the  ovarj';  1',  attachat  bimli^r:  2,  tht*  nvarlaa  rttn^nnik,  prp«*atinp  a  fihroua  and  vascular  struct- 
lire;  3,  jcramiltir  nubHtantv  Ividk  ext^^nml  to  the  llbTOUs  Htrorna;  4,  bbxwl-vesBiela;  ft.  orlgerm*  Lo 
their  tw-li«rt;  Btapi"*  oot."upytdK  a  part  of  the  Kniuular  layer  near  the  surface;  ft,  ovj|fir«?niis  which 
haw  tn^iuruEi  to  imJargu  and  to  puss  mon?  dt^ply  into  the  OTary;  ?♦  oviK^rma  round  which  the 
OranAim  foUlrle  and  tuDica  gratiiib>8a  ftrc  now  formed,  and  which  hare  pafiscxl  Bamewhal  deieper 
Into  the  ovary  and  urt''  ^urrotindMl  by  the  flbrotiM  atrotna:  8,  more  advanced  Qraaflati  follicle 
with  the  oiruiu  iriilxHldtHl  In  the  layer  of  eclK  const ItutiaR^  tht*  proljj?i*roii»  disc;  9,  the  most  ad- 
vancexl  follicle  contalniDK  the  ovum,  etc. ;  1>\  a  foUlcLc  from  wiilch  the  ovum  has  aocidetitally 
«acapecl;  10,  corpus  lutetita.     x  C    (SuhrOo.) 


[  and  originally  derived  from,  the  Bquaraoua  epithelium  of  the  peritoneum, 

I  jwe  short  columnar  (A,  fig,  444). 

The  internal  atmcture  of  the  organ  consists  of  a  peculiar  soft  fibrous 
tissue- — a  kind  of  undeveloped  coniiective  tissue,  with  long  nuclei 
closely  resenihliiig  unstriped  muscle  (C,  fig. 444)— or  Htnmut,,  abundantly 
supplied  with  blood-vessels,  and  having  embedded  in  it, in  various  stages 
of  development,  numerous  minute  follicles  or  vesicles,  the  Graafian 
follicles,  or  sacculi,  containing  the  ova  (fig.  444), 

If  the  ovary  be  examined  at  any  period  between  early  infancy  and 
advanced  ftge,  but  especially  during  that  t>eriod  of  life  in  which  the 
power  of  conception  exists,  it  will  be  found  to  contain  a  number  of 
these  vesicles.  Immediately  after  the  tunica  albuginea  (fig.  444)  they 
are  small  and  numerous,  either  arranged  m  a  continuous  layer,  as  in  the 
cat  or  rabbit,  or  in  groups,  as  in  tlie  human  ovary.     These  small  follicles 
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embedded  in  the  Bof t  stroma  of  fiiie  connective  tisgne  and  nnstiipd 
muscle  form  here  the  cortical  layer;  they  are  sometimea  called  oviiom^ 

Each  of  the  small  follicles  of  this  layer  has  an  external  membranous 
envelope,  or  immbranu  propria.     This  envelope  or  tunic  is  lined  wish  % 


Fl,f .  44f4.'-  flection  of  the  iwwry  of  a  cai.    A,  ^(fansitiml  epithelium ;  B.  imi 

follicle;  C,  stromA  of  aviwy:  D,  vft^^UiDe  meinbra»e  ix>at«li];ti]jc  tb«  onim;   K,  C 

■bowing  Uolng  cells;  F,  follicle  from  which  th«  ovum  hmii  fallen  out.     (V.  D.  HATCte.) 

layer  of  nucleated  cells,  forming  a  kind  of  epithelium  or  inU^mal  inmc,! 
and  named  the  mmnbrnna  gramdosa.  The  cavity  of  the  follicle  ifl  filkd 
up  by  a  nucleated  mass  of  protoplasm  inclosed  in  a  very  delicate  mem- 
brane, wJiich  is  the  Ovum.  The  large  spherical  nucleus  contains  ooe 
or  more  nucleoli*  The  nucleus  is  known  as  the  germinal  t^^icU^  and 
the  nucleolus  as  the  germinal  gpot. 

The  central  portion  of  the  stroma  of  the  ovary  extends  from  the  cor* 
tical  layer  to  the  hilum  of  the  organ,  at  which  enter  the  numcrooi 
arteries,  fibrous  tissue,  and  unstriped  musclts  forming  a  highly  va 
zona  vasculosa.  Within  this  central  zone  are  contained  the  fully- 
oped  Graafian  follicles,  varying  in  size  however,  hut  considerably  Urgvr 
than  those  of  the  cortical  layer.  In  these  follicles  the  cavity  is  no* 
nearly  lilled  by  the  ovum,  which  is  attached  at  one  side  to  the  w>n* 
granulosa  by  a  collection  of  email  cells,  the  rfwritwr  praU^ru*^  tiJ« 
remainder  of  the  cavity  being  filled  with  fluid,  the  Uquor  fMlicnlL  Tl»« 
envelope  of  the  ovum,  or  zona  pellucid  a,  is  much  thicker.  The  «oiii 
granulosa  is  formed  of  several  layers  of  cells,  instead  of  one  only*  Iti 
membrnua  propria  ia  much  thicker,  so  as  to  form  a  distinct  fibrous  ifl* 
vestment;  the  menibrana fibrosa  and  the  blood-vessels  surrounding  Haw 
numerous,  and  may  be  said  to  form  a  memhrnfm  vmcuhm  about  it 

Ttie  human  ovum  measures  about  -^  of  an  inch  (about  *%  mm.)  ia 
diameter*     Its  external  investment,  or  the  zona  pdlucitta^  of 


imcrooi 
y-diH^ 
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tmembrane^  is  a  transparent  niembnme,  about  y^Vrr  ^^  ^^  ^^^^  (lO/i)  in 
]  thickness,  whicli  under  the  oiicroscopic   appears  m  a  bright  ring  (tig. 
445),  bounded  extermilly  and  internally  by  a  dark  outline.     Within  this 
transparent  investment  or  zona  pellucida,  and  usually  in  close  contact 
with  it»  lies  the  t^oik  or  vitelluiSj  which  ih  composed  oi  grannies  and  glob- 
ules of  various  siaes,  imbedded  in  a  more  or  less  fluid  substance.     The 
smaller  granules,  which  are  the  more  numerous,  resemble  in  their  appear- 
I  ance,  as  well  as  their  constant  motion,  pigment-granules.     The  larger 
(granules  or  globules,   which  have   the  aapect  of  fat-globules,   are   in 
[greatest  number  at  the  periphery  of  the  yolk.     The  number  of  the  gran- 
^ulea  is  greatest  in  the  ova  of  carnivorous  animals.     In  the  human  ovum 
their  quantity  is  comparatively  small. 

In  the  substance  of  the  yolk  is  imbedded  the  germinal  vmich^  or  ves- 
icula  germiuativa,  -^  of  an  inch  (.05  mm,)  (iig,  445),  The  vesicle  is  of 
greatest  relative  size  in  the  smallest  ova,  and  is  in  them  surrounded 
closely  by  the  yolk,  nearly  in  the  centre  of  which  it  lies.  During  the 
development  of  the  ovum,  thegermiual  vesicle  increases  in  size  much  less 
rapidly  than  the  yolk,  and  cornea  to  be  placed  near  to  its  surface.  It 
consists  of  a  fine,  transparent,  structureless  membrane,  containing  a  clear, 
watery  fluid,  in  which  are  sometimes  a  few  granules;  and  at  that  part  of 
the  periphery  of  the  germinal  vesicle  which  is  nearest  to  the  periphery^  of 
►  the  yolk  is  situated  the  germinal  spot^  or  macula  germinativa,  of  a  finely 


""•  Niiclinw  or  germinal  vesicle. 
"~   NucleuluH  or  gf  rmlniLl  spot. 

fipAce  left  by  retracUoci  of 
yolk. 

—  Yolk  or  vltellu*. 


— — •  Vitelline  membraaei 


Fig,  445.— fiemidtftf^mmnmtie 


itfoo  of  a  biimAO  OTiun,  showing  the  ports  of  an  animal 
oeU.    (Cadi  At.) 


granulated  appearance  and  of  a  yellowish  color^  strongly  refracting  the 
rays  of  light, 

Such  are  the  parts  of  which  the  Graafian  follicle  and  its  contents, 
inchuiiug  the  ovum,  are  composed.  With  regard  to  the  mode  and  order 
of  development  of  these  parts  there  is  considerable  uncertainty* 

The  Graafian  follicles  are  formed  in  the  following  manner: — The  em- 
bryonic ovary  is  covered  with  short  columnar  cells,  or  the  so-called  germ- 
inal epithelium.  The  cells  of  this  layer  undergo  proliferation,  so  as  to 
form  several  strata,  and  grow  into  the  ovarian  stroma  as  longer  or  shorter 
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columns  or  tubes»  By  degrees  these  tubes  become  cnt  off  from  tho  snrtaot 
epithelium,  and  form  cell  nests,  small,  if  near  the  surface,  larger  if  in 
the  depth  of  the  stroma.  The  nests  increase  in  size  from  multiplicatioa 
of  their  cc41s,  and  may  even  give  off  new  nests  laterally  by  coDstrictioa  of 
them  in  various  directions.  Certain  of  the  cells  of  the  gemiiiul 
epithelium  enlarge,  and  form  ova;  and  the  formation  of  ova  also  takei 
place  in  the  nests  within  the  stroma.  The  ova  of  a  n^t  may  multtplj 
by  division.  The  small  cells  of  a  nest  surround  the  ova,  and  form  tUe?ir 
niembrana  gruiiulosti,  and  the  stroma  growin^ij  up  separates  the  surrounded 
•ova  into  so  many  Graafian  follicles.  The  other  layers,  namely,  the  mem- 
brana  fibrosa  and  tlie  membrana  vasculosa,  are  derived  from  the  stToma, 

The  smallest  follicles  are  foniiod  at  the  surface,  and  make  up  the  t?or* 
tical  layer-  It  is  said  by  some  that  the  superficial  foUiclos  as  they  ripen 
become  more  deeply  placed  in  the  ovarian  stroma^  and,  again,  that  a 
they  increase  in  sizCj  they  make  their  way  toward  the  surface  (^g.  M), 

When  mature,  they  form  little  prominences  on  the  exterior  of  the 
ovary,  covered  only  by  a  thin  layer  of  condensed  fibrous  ti^ueand  epith^ 
lium.     Only  a  few  follicles  ever  reach  maturity. 

From  the  earliest  infancy,  and  through  the  whole  fniitfnl  period  o< 
life,  there  appears  to  be  a  constant  formation,  development,  an<l  matum^ 


I 


,kQ^- 


FtK-  448,— OermlnAl  epltli«Uum  of  the  Rurfaoe  of  the  oranr  of  tire  dmya^  chick,    a^  snmll  otiv 
bl*ftt«;  b^  larger  o%oblJutta.     CC«di«t) 

tion  of  Graafian  vesicles^  with  their  contained  ova.  Until  the  period  of 
puberty,  however,  the  process  is  comparatively  inactive;  for»  previous  to 
this  |>eriod,  the  ovaries  are  small  and  pale,  the  Graafian  vesicleft  in  them 
are  very  minute,  and  probably  never  attain  full  development,  but  nootk 
shrivel  and  disappear,  instead  of  bursting,  as  matured  follicles  do;] 
the  contained  ova  are  also  incapable  of  being  impregnated.  Buf,  coin* 
cident  with  the  other  changes  w^hich  occur  in  the  body  at  the  time  of  I 
pul)orty,  the  ovaries  enlarge,  and  become  very  vascuLu-,  the  formation 
of  Graafian  vesicles  is  more  abundant,  the  size  and  degree  of  •?  *  M,^nt 
attained  by  them  are  greater,  and  the  ova  are  capable  of  b  ^  tin- 
dated. 

The  Fallopian  Tubes  (Or/V///r/.v),— The  Fallnpiun  tubes  are  about 
ionr  inches  in  length  (10  cm,),  and  extend  between  the  ovarn^v  ^ml  thr 
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[tipper  angles  of  the  ntenis.  At  the  point  of  attachment  to  the  uterus, 
[euch  tube  is  very  nari'ow ;  but  in  its  course  to  the  ovary  it  increases  to 
Labout  an  eighth  of  an  inch  (3  mm,)  in  thickness;  at  its  distal  extremity, 
[which  is  free  and  floating,  it  bears  a  number  of  Jimbriw^  one  of  which, 
I  longer  than  the  rest,  is  attached  to  tlie  ovary.  The  canal  by  which  each 
I  tube  is  traversed  ia  narrow,  esj^ecially  at  its  point  of  entrance  into  the 
Ititerns,  at  which  it  will  scarcely  admit  a  bristle;  its  other  extremity  is 
I  wider,  and  opens  into  the  cavity  of  the  abdomen,  surrounded  by  the  zone 
[of  fimbriae.  Externally,  the  Fallopian  tube  is  invested  with  peritoneum; 
Fsiitemally,  its  canal  is  lined  with  mucous  membrane,  which  is  apt  to  he 
rthrown  into  numerous  longitudinal  folds,  covered  with  ciliated  epithe- 
[lium:  betVreon  the  peritoneal  and  mucous  coats  the  walls  are  composed, 
like  those  of  the  uterus,  of  fibrous  tissue  and  unstriped  muscular  fibres^ 
[chiefly  circular  in  arrungement. 

The  Uterus, — The  uterus  {u,  i\  fig.  442)  is  a  somewhat  pyriform 

shaped  organ,  and  in  the  unimpregnated  state  is  about  tliree  inches  (7.5 

cm.)  in  lougth,  two  {r5  cm.)  in  breadth  at  its  upper  part  or /Hudmy  but  at 

[  its  low*er  pointed  part,  iteck  or  cervix^  only  about  half  an  inch  (1.35  cm.). 

[The   part   between   the  fundus  and  neck  is  termed  the  bodi/    of  the 

uterus:  it  is  about  an  inch  {t*5  cm.)  in  thickness. 

I        iSiruciure, — The  u terns  is  constructed  of  three  principal  layers,  or 
IlKiats — serons,  fibrous  and  muscular,  and  nnieous.     (a)  The  serous  coat, 
Fwbich  has  the  mim%  general  structure  as  the  peritoneum,  covers  the 
organ  before  and  behind,  but  ia  absent  from  the  front  surface  of  the 
neck,      (h)  The  muidh  coat  is  composed  of  unstripcd  muscle,  arranged 
[  in  the  human  uteres  in  three  layers  from  without  inward,  longitudinal, 
circular,  oblifjue  and  circular.     They  become  enormously  developed  dur- 
ing pregnancy.     The  arteries  and  veins  are  found  in  large  mini  hers  in 
the  outer  part  of  their  coat,  so  as  to  form  almost  a  special  vascular  coat. 
(c)  The  mucous  membrane  of  the  uterus  is  lined    by  columnar  ciliated 
epithelium,  which  extends  also  to  tlic  interior  of  the  tubular  glands,  of 
which  the  mucous  membrano  ia  largely  made  up. 

In  the  cervix  uteri  the  mucous  membrane  is  arranged  in  permanent 
longitudinal  folds, />rr/wflp;//iw/ff?.  The  glands  of  this  part  are  of  the 
'  tubulo-racemose  type,  branching  repeatedly  and  extending  deeply  into 
the  substance  of  the  cervix.  They  are  lined  by  columnar  epithelium, 
and  open  on  the  ridges  and  furrows  of  the  mucous  membrane.  They 
secrete  a  thick  glairy  mucus,  resembling  unboiled  wdiite  of  egg. 

The  mucous  membrane  of  the  cavity  of  the  body  of  the  uterus 
forms  a  thin  membrane  about  tfV  ii^ch  (1  mm.)  tliiek,  and  is  covered  on  its 
surface  by  columnar  ciliated  epithelium.  Imbedded  in  its  substance  are 
numerous  simple  tubular  glands  aet  somewhat  obliquely  and  lined  with 
columnar  ciliated  epithelium.       These  glands  often  bifurcate  at  their 
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lower  ends.     The  glands  are  imbedded  in  a  delicate  connective  tine, 
consisting  of  round  and  spindle-shaped  cells. 

The  cavity  of  the  uterus  corresponds  in  form  to  that  of  the  orgin 
itself:  it  is  very  small  in  the  unimpregnated  state,  the  sides  of  its  mncou 
surface  being  almost  in  contact.  Into  its  upper  part,  at  each  side,  open 
the  canal  of  the  corresponding  Fallopian  tube :  below,  it  commimicattt 
with  the  vagina  by  a  fissure-like  opening  in  its  neck,  the  os  uieri^  the 
margins  of  which  are  distinguished  into  two  lips,  an  anterior  and  pos- 
terior. 

The  Vagina  is  a  membranous  canal,  five  or  six  inches  (12.5  to  15 
cm.)  long,  extending  obliquely  downward  and  forward  from  thene(i 
of  the  uterus,  which  it  emtiraces,  to  the  external  organs  of  generation. 
It  is  lined  with  mucous  membrane,  covered  with  stratified  squamoni 
epithelium,  which  in  the  ordinary  contracted  state  of  the  canal  is  thrown 
into  transverse  folds.     External  to  the  mucous  membrane  the  walk  of 
the  vagina  are  constructed  of  unstriped  muscle  and    fibrous   tisroe, 
within  which  in  the  submucosa,  especially  around  the  lower  part  of  the 
tube,  is  a  layer  of  erectile  tissue.     This  exists  also  in  the  mucosa.    The 
lower  extremity  of  the  vagina  is  embraced  by  an  orbicular  muscle,  the 
sphincter  vagincB;  its  external  orifice,  in  the  virgin,  is  partially  closed  br 
a  fold  or  ring  of  mucous  membrane,  termed  the  hymen.     The  extenul 
organs  of  generation  consist  of  the  clitoris^  a  small   elongated  body, 
situated  above  and  in  the  middle  line,  and  constructed  of  two  erectile 
masses  or  corpora  cavernosa.     They  are  not  perforated  by  the  urethra; 
of  two  folds  of  mucous  membrane,  termed  labia  internuj  or  nymphce;  and, 
in  front  of  these, of  two  other  folds,  the  labia  externa^  or  pudenda^  formed 
of  the  external  integument,  and  lined  internally  by  mucous  membrane. 
Between  the  nymphae  and  beneath  the  clitoris  is  an  angula  space,  termed 
the  vestibule,  at  the  centre  of  whose  base  is  the  orifice  of  the  meatn$ 
tirinarius.     Numerous  mucous  follicles  are  scattered  beneath  the  mucous 
membrane  composing  these  parts  of  the  external  organs  of  generation; 
and  at  the  side  of  the  lower  part  of  the  vagina  are  two  larger  lobulated 
glands,  vulvo-vaginal  or  Duverney's  glands,  which  are  analogous  to  Cow- 
per's  glands  in  the  male.     The  ducts  of  these  glands  are  about  \  inch 
(12.5  mm.)  long  and  open  immediately  external  to  the  hymen  at  the 
mid-point  of  the  lateral  wall  of  the  vaginal  orifice.     The  vulvo-vaginal 
glands  secrete  a  thick  brownish  mucus. 

The  Genital  Organs  of  the   Male. 

The  male  organs  of  generation  comprise  the  two  Teste^^  in  which 
the  semen  is  formed ;  each  with  a  duct,  the  Vas  Deferens^  and  accessory 
Vesicula  Seminalis;  the  Penis^  an  erectile  organ,   through  which  the 
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semee  as  well   as  the  urine  ie  discharged.     The    Prostate  gland^   the 
ejtact  function  of  which  is  not  understood,  is  generally  included  in  the 

I  same  clas8. 

The  Testes. — ^The  secreting  fitrneture  of  the  testicle  and  its  duct 

I  are  disposed  of  in  two  contiguous,  parts  (1)  the  body  of  the  tegticio  proper, 

[inclosed  within  a  thick  and  tough  whi to  fibrous  membrane,  the  tunica 
albuginen^  on  the  outer  surface  of  which  is  the  serous  covering  formed  by 

^the  tunica  vagimtUs^  and  (2)   the  epididymis  and  vas  deferms. 

The  Vas  deferens,  or  duct  of  the  testicle,  which  is  about  two  feet 
(60  cm,)  in  length,  is  constructed  extertially  of  connective  tissoe,  and 
internally  is  lined  by  a  mucous  membrane,  covered  with  columnar  epithe- 
lium ;  while  between  these  two  coats  is  a  middle  coat,  very  firm  and  tough, 
made  up  of  imstriped  muscle,  chiefly  arranged  longitudinally,  but  also 
containing  some  circular  fibres.  When  followed  back  to  its  origin,  the 
vas  deferens  ia  found  to  pass  to  the  lower  part  of  the  epididymis^  with 


i: 


Vt^'. 


i^3'iMg^- 


Fig.  447. 


FiR.  4«1 


Fiff,  447.— PlttD  of  a  vertical  section  of  \he  teaticJe,  showing  ibe  amuigempnt  of  the  ducta. 
The  true  length  and  diarn^teP  of  the  ducts  harebeea  lUsrt-jrardwj.  ct  a,  tubuli  w:'niniJfer(  emailed 
up  in  the  ik?|)arat**  lot>eH;  6,  tubuli  recLi  or  vaaa  ne<-*ta;  c,  ret^i  t««tla;  rf,  rasa  oflerentla  eDdiug 
Id  tlie  ooni  viweulosi;  I,  e,  f?,  ctinvolut*Hl  e&ual  of  the  epididymis-  K  i^aa  defepeUM;/,  section  of 
the  ba4*it  part  of  Uie  tunica  albuglnea;  i\  <,  flbroue  proeeseee  numing  betwt^en  the  IoIh«:  »«  me- 
dfastlQum. 

Fig,  448.— SeetloD  of  the  epidldjnnlB  of  a  dog.— The  tub©  ia  rat  In  several  places,  both  tnuuk 
Tersely  and  obliquely;  It  is  Been  to  be  lined  bv  a  dilated  epltbelluxn,  the  nuclei  of  which  am 
well  ahown.    c,  cotmectivt)  tissue.     (Bclioflela.) 


which  it  is  directly  continuous  (fig.  447) ,  and  assumea  there  a  much  Binaller 
diameter  with  an  exceedingly  tortuous  course. 

The  Epididymis,  which  is  lined,  except  at  its  lowest  part,  by  co- 
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liminiir  ciliated  opiiheliiitn  (lig,  447),  is  commonly  fleseribod  a 
aistiiJg  (fig*  447)  of  ughibiiH  minfrr((j)j  the  Imitf  (^),imd  thi}  ffhhm maj&r 
(/,)  When  unravelled  it  is  found  to  bo  constructed  of  aeinglo  tube,  ineis- 
uring  about  twenty  feet  in  length* 

At  the  globna  major  this  doct  divides  into  ten  or  twelT©  anuiD 
branches,  the  convolutions  of  which  form  coniform  masaes,  namcKl  Coni 
vasculosi:  and  the  ducts  continued  from  these,  the  Vam  efferent ia^  after 
anajstoniosing,  one  with  another  in  what  ia  called  the  Brh  tattiit,  Icsod 
liually  as  the  TubuU  recti  or  Va$a  recta  to  the  seminal  ttibnled  {iubnli 
semifii/en)^  which  form  the  proper  substance  of  the  t^^tieto.  Th© 
epithelium  liuiug  the  coni  vasculoiii  and  vasa  ellerentia  is  columuar  and 
ciliated ;  that  of  the  rete  testis  is  squamous. 

The  seminal  tubules  are  arranged  in  lobules,  separated  from  odp 
another  by  incomploto  fibrous  septa  or  cords,  wiiich  pass  from  the  front 
of  the  tunica  albuginea  internally  to  a  firm  incomplete  Tertical  septum 
of  thick  extending  fibrous  tissue  at  the  posterior  border,  from  tlh 
to  near  the  lower  part,  called  the  corjms  Ilufhmort,  or  mfdn 
testis.  Through  this  very  firm  fibrous  tissue  pass  the  seminal  tubes  from 
thevasa  recta.  The  tunica  albuginea  is  covered  by  a  very  fine  plexus  of 
blood-vessels  interually,  derived  from  the  spermatic  vessels.  The  fibroQt 
cords  which  may  contain  unstriped  muscle  are  also  covered  with  a  similar 
capillary  plexus, 

TubuU  Seminiferi, — The  seminal  tubes,  which  compose  the  paron- 
chyma  of  the  testicle,  are  loosely  arranged  in  lobules  between  the  coojico- 
tive  tissue  septa. 

They  are  relatively  large,  very  wavy,  and  much  convoluted;  and 
they  possesB  a  few  lateral  branches,  by  which  they  become  connected 


I 


I 


FffT.  44fl  — From  •  srctlon  of  th«  testU  of  6og^  slintrlnir  portion*  of 

oaI  eplUit^liaJ  oeiU,  i^od  ntimfsroiift  vnall  €?t*\l&  \fnyni^\y  ^urnnfs^;  B^  tlia  bimJI 
AtobloHt^  converted  tafco  spennatOBO*;  tirroups  of  tht^se  in  a  furtiier  fltftgv  of 

into  a  network.  They  form  terminal  loops,  and  in  the  peripheral  por- 
tion of  the  testis  the  tubules  are  possessed  of  minute  lateral  csKti 
branch  lets. 

Each  seminal  tubule  in  the  o^lult  testis  is  limited  by  a  memhiraoa 


THE    BEPBODUCTITE   OROAXS, 


731 


propria,  which  appears  as  a  hyaline   elastic  membrane,  but    which  is 

[tealJy  made  up  of  several  incomplete  layers  of  flattened  cells,  contain- 

ag  oval  flattened  nuclei  at  reg^ilar  intervak.     Inside  this  membruna 

propria  are  several  layers  of  epithelial  c^lls,  the  seminal  cells  (fig.  44y). 

aese  consist  of  two  or  more  layers,  the  outermost  being  situated  next 

le  membrana  propria.     These  cells  are  of  two  kinds,  those  that  are  in 


Fig  460.— Section  of  a  tubule  of  the  beiticlf;  of  a  rat.  to  sbofw  the  foirmatlon  of  the  sperm' 

JSOA;  a  speruiato/.tka;    h,  semiiml  oellai   c*  BpermatoblBHtS,  to  which  the  spemiftlozcwi  tuv  stUl 

iadlienxDt;  ci,  Bjt;mbraD&  propria;  e^  flfaro-plastlc  elementa  of  the  cotmeciive  iktitiue.     (C^iat. ) 

resting  state,  which  generally  form  a  complete  layer,  and  those  that 
[are  in  a  state  of  diviaionj  of  which  there  may  be  two  layers.     The  latter 
[are  called  mother colla^  and  the  smaller  cells  resulting  from  their  division 
are  called  daughter  cells  or  aperraatoblasta.     From  the«e  the  sperma- 
tozoa are  formed,   their   head  corresponding  with  the  nuclei   of  the 
daughter  cells;  and  during  their  development  they  lie  in  groups  (figs, 
449,450),  and  are  supported  by  irregular  masseB  of  so-called  nutritive 
I  cells;  but  when  fully  formed,  they  become  detached,  and  fill  the  lumen 
of  the  seminiferous  tubule  (fig.   450)*     This  detachment  is  eflfected  by 
the  liquefaction  of  the  nutritive  cells  in  which  the  groups  of  spermatozoa 
[are  imbedded. 

In  the  fine  connective  tissue  which  supports  the  tubules  of  the  testis, 
I  are  to  be  found  flattened  and  nucleated  epithelial  cells,  probably  the 
I  remains  of  the  Wolffian  body.  The  lymphatics  of  the  tester  are  numer- 
ous, and  may  be  injected  by  inserting  the  needle  of  an  injecting  syringo 
into  the  tunica  albuginea,  and  pressing  in  the  injection  with  slight 
effort. 

The  Veskulae  SemlnaJes* — The  vesiculae  seminales  have  the  appear- 

tance  of  outgrowths  from  the  vasa  deferentia.     Each  vas  deferens,  just 
46 
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before  it  enters  the  prost^ite  glaiid^  through  part  of  which  it  pflBnfl9~^ 
termioate  in  the  urethni,  gives  off  aside  branch,  which  bends  bide 
from  it  at  an  acute  migle:  and  this  branch  dilating,  variously  branchiogf 
and  {Hirsoing  in  botli  itself  and  its  branches  a  tortuous  course,  fonm 
the  vesicnla  seminalis. 

tSlrftduriu — Each  vesicnla  may  be  unravelled  into  a  single  branching 
tube  sacculated,  convoluted,  and  folded  up. 

The  structure  resembles  closely  that  of  the  vafia  deferent ia.     Thi 
mucous  mcmlirane,  like  that  of  the  gall-bladder,  is  minutely   wrinkled 
and  set  with  folds  and  ridges  arxanged  so  as  to  give  it  a  finely 
lated  appearance. 

The    Penis.— The  penis  is  composed  of  three  long  more 
cylindrical   masses,   inclosed    in    remarkably  firm  fibrous   Bheathii 


Tiaiuea 


Flpt.  49I.-^l){aiect)oti  of  Ute  bue  of  the  btiMJih^r  and  prostate  fflMi 
Mrmftialett  and  vwia  <ief«reiitla.    a,  lower  Aurfatx'  of  th*^  hittM^  at  toe  1 
periioaeum;  6,  th«  part  above  corered  hf  the  t>eJitoneiuii;  i,  left  vaa  d 
aJaoulatory  duct;   uur  vas  deferana  has  been  dlvldifd  near  i,  and  all  vx 
IIOD  ham  been  taken  away;  «,  l&ft  vtssloula  Bemloantt  jolnlag  the  eatne  dn 
dcfareoa  and  light  viMlcuia  seotitialii^  which  haa  been  utirav«]lod ;  p,  imdt- 
siaDd;   m^  pari  of  the  urethra;  ti,  tt,  the  urptero   C^ut  abort),  toe  ri^ 


i«h( 


I 


which  two,  the  corpora  cavernom^  are  alike,  and  are  firmly  joioad 
together,  and  receive  below  and  between  them  the  third  i>art,  or  oprpvf 
spontjiosum.  The  urethra  passes  through  the  ct*rpm  ftpon^iomtm.  *th§ 
penis  is  attached  to  the  symphysis  pubis  by  its  root.  The  enlArgod  ei* 
treinity  or  glana  penis  is  continuous  with  the  corpus  spongioeum.  Tb« 
integument  covering  the  penis  furms  a  loose  fold  from  the  junetioa  o( 
the  glans  with  the  body,  called  the  prepuce  or  foreskin. 
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S(rH€ture.^{ft.)   TJie  nreihm   is  lined  bj  stratified  pavement  epithe- 

tlttiHi   in    the  prostatic  portion;    in  front  of  the  bulb  the  epithelium 

[becomes  columnar,   while   at  the  fossa  naviciilaris  it  is    again    lined 

with  stratified  pavement  epithelium.     The  mucous  membrane  consists 

chiefly  of  fibrous  connective-tissue,  intermixed  with  which  are  many  elastic 

fibres.     It  is  surrounded  by  unstriped  muscular  tissue.     In  the  iiiter- 


Fi|t,  468.— Erectile  tissue  of  (hi?  huinan  peal*.    a»  fibrous    trabeculie  with  their  onlinorj 
eapiUariee;  6,  section,  of  the  tcuous  alDiiseA;  r,  muscular  tissue.     (Oadlat.J 


mediate  portion  many  largo  veins  run  amongst  the  bundles  of  muscular 
tissue.     Many  mucous  ghinds,  glands  of  Littriy  are  present. 

(h.)  The  corpora  cavernosa,  a  true  erectile  structure,  are  surrounded 
by  a  dense  fibrous  and  elastic  sheath,  and  from  the  inner  surface  of  this, 
and  from  the  septum  which  separates  the  two  corpora  cavernosa,  pass 
numerous  bundles  of  fibrous,  elastic,  and  plain  muscular  fibres,  called 
traheciilcey  and  these  by  their  anastomosis  form  a  series  of  irregular 
spaces.  These  spaces  are  lined  with  endothelium,  and  are  filled  with 
venous  blood.  The  inter-trabecular  spaces  or  sinuses  of  one  corpus 
cavernosum  anastomose  with  those  of  the  other,  especially  in  front  where 
the  dividing  septum  is  incomplete. 

(c.)  The  corpus  spongiosum  urethra?  consists  of  an  inner  portion  or 
plexus  of  longitudinal  veins,  and  of  an  outer  or  really  cavernous  portion 
identical  in  structure  with  that  which  has  just  been  described.  The 
lymphatics  of  the  penis  are  very  numerous,  both  superficially  and  also 
around  the  urethra.     They  Join  the  inguinal  glands. 

The  nerves,  derived  from  the  pudic  nerves  and  hypogastric  plezus, 
are  distributed  to  the  skin  and  mucous  membrane  and  to  the  corpora 
cavernosa  and  spongiosum  respectively.  The  nerves  are  provided  with 
end  bulbs  and  Pacinian  corpuscles  in  the  glans  penis,  and  form  also  a 
dense  subepithelial  plexus. 

CQwper^s  fjlamh^  are  two  small  glands,  the  ducts  of  which  open  into 
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the  second  part  of  the  urethra.     They  are  small  round  bodies,  of  ibe^ 
size  of  a  pea,  yellow  in  color,  resembling  the  sublingual  gland;  ia 
structure  they  are  compound  tubular  mucous  glands. 

The  Prostate  Gland* — The  prostate  is  situated  (fig*  451)  at  ibe 
neck  of  the  urinary  hladder,  and  incloses  the  coram encement  of  the 
urethra.  It  is  somewhat  chestnut-shaped.  It  me^isures  an  inch  and  a 
half  in  breadth,  and  an  inch  and  a  quarter  long,  uiid  half  an  inch  in 
thickness. 

iSfructure. — The  prostate  is  made  up  of  small  compound  tubular 
glands  imbedded  in  an  abundance  of  muscular  fibres  and  connective  tissue. 

The  glandular  auhatance,  which  is  nearly  absent  from  the  front  part 
of  the  organ,  consists  of  numerous  small  saccules,  opening  into  elongated 
ducts,  which  unite  into  a  smaller  number  of  excretory  ducte.      7^  adm 


Me-  45S.~€ectlon  of  a  suiall  porttoD  of  the  prostato.    a,  gland  duct  cut  ncrom  ohitqatlj',  \ 
gland  structure;  c,  prostatic  c&lculua.    CCiidlaLj 

of  the  upper  part  of  the  prostate  are  small  aud  hemispherical;  while 
in  the  middle  and  lower  parts  the  tubes  are  longer  and  more  convoluted. 
The  acini  are  of  two  kinds,  namely,  those  (a)  lined  with  a  single  layer  of 
thin  and  long  columnar  cells,  each  with  an  oval  nucleus  in  outer  part  of 
wall  J  and  those  (b)  acini  resembliug  the  foregoing,  but  with  a  second 
layer  of  small  cortical,  polyhedral,  or  fusiform  cells  between  the  mem- 
hraua  propria  and  the  columnar  cells.  The  duefs^  twelve  to  twenty  in 
number,  open  into  the  urethra.  They  are  lined  by  a  layer  of  colmmiar 
cells,  beneath  which  is  a  layer  of  small  polyhedral  cells. 

The  tunica  adventitia  consists  of  dense  fibrous  tissue  of  two  layen^ 
between  which  is  situated  a  plexus  of  veins.  Large  vessels  pass  into  tiw 
interior  of  the  organ,  to  form  a  broad,  meshed,  capillary  sjnstem.  Jimm 
with  numerous  large  ganglion-cells  surround  the  cortex*  Pacinim 
bodies  are  sometimes  found  in  the  substance  of  the  organ. 
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The  mascular  tissue  of  the  prostato  not  only  forms  the  chief  part  of 
the  stroma  of  the  gland,  but  also  forms  a  continuous  layer  inside  the 
fibrous  sheath,  as  well  aa  a  layer  surrounding  the  urethra,  which  is  oon- 
tinous  with  the  sphincter  vesicae. 


Peysiolooy  op  the  Sexual  Organs. 


m         Of  the  Female*— In  the  process  of  development  in  the  ovary  of 

individual  Graatian  vesicles,  it  has  been  already  observed,  that  aa  each 

I  increases  in  size,  it  gradually  a]>proaches  the  surface  of  the  ovary,  and 
when  fuOy  ripe  or  mature,  forms  a  little  projection  on  the  exterior. 
Coincident  with  the  increase  in  size,  caused  by  the  augmentation  of  ita 
liquid  contents,  the  external  envelope  of  the  distended  vesicle  becomee 
very  thin  and  eventually  bursts.     By  these  means,  the  ovum  and  fluid 
contents  uf  the  vesicle  are  liberated,  and  escape  on  the  exterior  of  the 
ovary,  whence  they  pass  into  the  Fallopian  tube  or  oviduct,  the  fimbri- 
ated processes  of  the  extremity  of  which  are  supposed  coincidentally  to 
grasp  the  ovary,  while  the  aperture  of  the  tube  is  applied  to  the  part 
corresponding  to  tbe  matured  and  bursting  vesicle. 
H        In  animals  whose  special  capability  of  being  impregnated  occurs  at 
H  regular  periods,   as  in  the  human  subject,  and    most   mammalia,  the 
H  Graatian  vesicles  and  their  contained  ova  appear  to  arrive  at  maturity, 

■  And  the  latter  to  be  discharged  at  such  periods  only.  But  in  other 
animals,  e.g.,  the  common  fowl,  the  formation,  maturation,  and  die- 
charge  of  ova  appear  to  take  place  almost  constantly. 

■  It  has  long  been  known,  that  in  the  so-called  oviparous  animals,  the 

■  Beparation  of  ova  from  the  ovary  may  take  place  independently  of  im- 
H  pregnation  by  the  male,  or  even  of  sexual  union.  And  it  is  now 
B?6itablished  that  a  like  maturation  and  discharge  of  ova,  independently 

of  coition,  occurs  in  mammalia,  the  j>eriod8  at  which  the  matured  ova 
are  separated  from  the  ovaries  and  received  into  the  Fallopian  tubes 
being  indicated  in  the  lower  mammalia  by  the  phenomena  of  heut  or 
rut:  in  the  human  female,  although  not  always  with  exact  coincidence, 
by  the  phenomena  of  mertMruaiion,  If  the  union  of  the  sexes  take 
place,  the  ovum  may  be  fecundated,  and  if  no  union  occur  it  perishes. 

That  this  nuituration  ami  discharge  occur  periodically,  and  only 
during  the  phenomena  of  heat  in  t]ic  lower  mammalia,  is  made  proljable 
by  the  facts  that,  in  all  instances  in  which  Graafian  vesicles  have  been 
found  presenting  the  appearance  of  recent  rupture,  the  animals  were  at 
the  time,  or  had  recently  been,  in  heat;  that  on  the  other  band,  there  is  no 
authentic  and  detailed  account  of  Graafian  vesicles  being  found  ruptured 
in  the  intervals  of  the  period  of  lieat;  and  that  female  animals  do  not 
admit  the  males,  and  never  become  impregnated,  except  at  those  periods. 
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Rdation  nf  Mensirvation  to  the  Ducharge  of  Ova. — The  human  fomilftl 
is  subject  to  the  same  law  as  the  females  of  other  mammiferous  aninsak; 
her  ova  are  matured  and  discharged  from  the  ovary  independtni  afsental 
union.     This  maturation  and  discharge  occur,  moreover,  periodicalli  bx 
or  about  the  epochs  of  menstruation. 

The  evidence  of  the  periodical  discharge  of  ova  at  the  mettstroat 
periods  is  that  in  most  casoB  in  which  signs  of  menstruation  have  hmi 
found  in  the  uterus,  follicles  in  a  state  of  maturity  or  of  rupture  hi^ 
been  seen  in  the  ovary ;  and  although  conception  is  not  confined  to  the 
periods  of  menstruation,  yet  it  is  more  likely  to  occur  about  a  menstnul 
epoch  than  at  other  times. 

The  exact  relation  between  the  discliarge  of  ova  and  menstruation  ii 
not  very  clear*  It  was  formerly  believed  that  the  monthly  flux  was  iht 
result  of  a  congestion  of  the  uterus  arising  from  tlie  enlargement  and 
rupture  of  a  Graafian  follifle;  Imt  though  a  Graafian  follicle  is,  as  i 
rule,  niptured  at  each  menstrual  epoch,  vet  several  instance-s  are  recorded 
in  which  menstruation  has  occurred  where  no  Graafian  follicle  can  hire 
been  ruptured,  and  on  the  other  hand  cases  are  known  where  ova  harr 
been  discharged  in  amenorrha^ic  women.  It  must  therefore  be  admitted 
that  menBtruation  is  not  dependent  on  the  maturation  and  discharge  of 
ova. 

It  was,  moreover,  formerly  understood  that  ova  were  diflchargcd 
toward  the  close  or  soon  after  the  cessation  of  a  menstrual  flow.  Ohm- 
vations  made  after  death,  and  facts  obtained  by  clinical  investigation, 
however,  do  not  support  this  view.  Rupture  of  a  Graafian  follicle  doe? 
not  happen  on  the  same  day  of  the  monthly  period  in  all  women,  h 
may  occur  toward  tlie  close  or  soon  after  the  cessation  of  a  flow;  but  only 
in  a  small  minority  of  the  subjects  examined  after  d^Ath  was  this  the 
case.  On  the  other  hand,  in  almost  all  such  subjects  of  which  there  ii 
record,  rupture  of  the  follicle  appears  to  h:ive  taken  place  before  the 
commencement  of  the  Ciitamenial  flow.  Moreover,  the  custom  of  the 
Jews— a  prolific  race,  to  whom  by  the  Levitieal  law  sexual  intercourse 
during  the  week  following  menstruation  was  forbidden — ^militatcf 
strongly  in  favor  of  the  view  that  conception  usually  occurs  before 
not  soon  after  a  menstrual  epoch,  and  necessarily,  therefore,  for  the  vie 
that  ova  are  usually  discharged  before  the  eatamenial  flow.  This, 
gether  with  the  anatomical  condition  of  the  uterus  just  before  ih 
cataraenia,  seems  to  indicate  that  the  ovum  fertilized  is  that  which  i 
discharged  in  connection  with  the  first  absent,  and  not  that  with  th 
last  present  menstruation. 

Though  menstruation  does  not  appear  to  depend  upon  the  dischaap 
of  ova,  yet  the  presence  of  the  ovaries  seems  necessary  for  the  perform- 
ance of  the  function;  for  women  do  not  menstruate  when  both 
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have  been  Femoved  by  operation.  Some  instances  have  been  recently 
recorded,  indeed,  of  a  sanguineous  discharge  occurring  periodically  from 
the  Yagina  after  both  ovaries  have  been  previously  removed  for  disease; 
and  it  hafl  been  inferred  froni  this  that  menstruation  is  a  function  inde- 
pendent of  tlie  ovary:  but  this  evidence  is  not  conclueivo,  inasmuch  as 
it  is  possible  that  portions  of  ovarian  tissue  were  left  after  the  operation. 
Source  and  Characters  oj  Menstrual  Dhcharfie. — The  menstrual  dis- 
charge is  a  thin  eanguineouB  fluids  having  a  peculiar  odor.  It  is  of  a 
dark  color,  and   consists  of  blood,  epithelium,  and  niucufl  from   the 


FJg.  454. 


■  Fi^r.  454.— Diaj^aiu  of  ut^nia  just  before  menstmatton;  tlie  sbaded  portioa 
H  thickehed  mucous  mpiubraue. 

■  Fig.  iW.— DiaCTam  of  utenie  when  menstniatioD  baa  just  oeuedH,  sljowing^  the  cavity  of  the 
I  ubeni»  d^Tnived  or  mucous  membrane. 

■  Fig.  ^.— DLafrram  of  uterus  a  week  aiter  the  menAtnalltm  hu  oeued:  the  sho4ed  portion 

■  repTe«eflte  renewed  mucous  inemhnuie,    (J«  WttHuns.) 

uterus  and  vagina.  The  menstrual  flow  is  preceded  by  a  general  engorg- 
inent  of  all  the  pelvic  organs  with  blood.  The  cervix  and  vagina  become 
darker  in  color  and  softer  in  texture,  and  the  quantity  of  mucus  secreted 
by  the  glands  of  the  cervix  and  body  is  increased.  The  uterine  mucous 
membrane  is  swollen  and  the  glands  are  elongated  and  tortuous.  Tlie 
discharge  of  blood,  the  source  of  which  is  the  mucous  membrane  of  the 
body  of  the  uterus,  is  probably  associated  with  uterine  contractions. 
There  is  great  difference  of  opinion  as  to  whether  or  not  any  of  the 
uterine  mucous  membrane  is  normally  shed  during  the  process  of  men- 
struation. John  Williams  believes  that  the  whole  of  the  mucous  mem- 
brane of  the  body  of  the  uterus  Is  thrown  off  at  each  monthly  period, 
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forming  a  true  decidua  menstrualis  (fig-  454),  while  Mdricke  and  otbm 
believe  that  the  mucous  membrane  remains  intact.  Iieopold  believe 
that  red  blood  corpuscles  escape  from  the  congested  capiilaries  and  un- 
dermine the  superficial  epithelium,  and  that  in  this  way  the  aaperficial 
layer  of  the  mucous  membrane  is  eroded  and  subsequently  regenerated. 
It  is  probable  that  menstruation  is  not  a  sign  of  the  capability  of  being 
impregnated,  as  much  as  of  disappointed  impregnation. 

Menstrual  Life. — The  occurrence  of  a  menstrual  discharge  is  one  <rf 
the  most  prominent  indications  of  the  commencement  of  puberty  in  the 
female  sex;  though  its  absence  even  for  several  years  is  not  necesBarilj 
attended  with  arrest  of  the  other  characters  of  this  period  of  life,  or 
with  inaptness  for  sexual  union,  or  incapability  of  impregnation.  The 
average  time  of  its  first  appearance  in  females  of  this  country  and  others 
of  about  the  same  latitude,  is  from  fourteen  to  fifteen ;  but  it  is  much 
influenced  by  the  kind  of  life  to  which  girls  are  subjected,  being  accel- 
erated by  habits  of  luxury  and  indolence,  and  retarded  by  contrary 
conditions.  Its  appearance  may  be  slightly  earlier  in  persons  dwelling 
in  warm  climes  than  in  those  inhabiting  colder  latitudes.  Much  of  the 
influence  attributed  to  climate  appears  due  to  the  custom  prevalent  in 
many  hot  countries,  as  in  Hindostan,  of  giving  girls  in  marriage  at  t 
very  early  age,  and  inducing  sexual  excitement  previous  to  the  proper 
menstrual  time.  The  menstrual  functions  continue  through  the  whole 
fruitful  period  of  a  woman's  life  and  usually  cease  between  the  forty- 
fifth  and  fiftieth  years. 

The  several  menstrual  periods  usually  occur  at  intervals  of  a  lunar 
month,  the  duration  of  each  being  from  three  to  six  da3"8.  In  some 
women  the  intervals  are  so  short  as  three  weeks  or  even  less;  while  in 
others  they  are  longer  than  a  month.  The  periodical  return  is  usually 
attended  by  pain  in  the  loins,  a  sense  of  fatigue  in  the  lower  limbs,  and 
other  symptoms,  which  are  different  in  different  individuals.  Menstru- 
ation does  not  usually  occur  in  pregnant  women,  or  in  those  who  are 
suckling;  but  instances  of  its  occurrence  in  both  these  conditions  are  by 
no  means  rare. 

Corpus  Luteum. — Immediately  before,  as  well  as  subsequent  to,  the 
rupture  of  a  Graafian  follicle,  and  the  escape  of  its  ovum,  certain  changes 
ensue  in  the  interior  of  the  vesicle,  which  result  in  the  production  of  a 
yellowish  mass,  termed  a  Corpus  luteum. 

When  fully  formed  the  corpus  luteum  of  mammiferous  animals  is  a 
roundish  solid  body,  of  a  yellowish  or  orange  color,  and  composed  of  a 
number  of  lobules,  which  surround,  sometimes  a  small  cavity,  but  more 
frequently  a  small  stelliform  mass  of  white  substance,  from  which  deli- 
cate processes  pass  as  septa  between  the  several  lobules.  Very  often,  in 
the  cow  and  sheep,  there  is  no  white  substance  in  the  centre;  and  the 
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lobideB  projecting  from  the  opposite  walls  of  the  Gnuiliaii  follicle  appear 
in  a  sectioti  tu  he  separated  by  the  thinoest  possible  himina  of  semi- 
transpftrent  tissue. 

When  a  follicle  is  alxmt  to  burst  and  expel  the  oTrum,  it  becomes 
highly  vaacukr  and  opaqut^j  and,  immediately  before  the  rupture  takes 
place,  its  walls  appear  thickened  on  the  interior  by  a  reddish  glutinous 
or  fleshy-looking  substance.  Immediately  aft4?r  tlie  rupture,  the  inner 
layer  of  the  wall  of  the  vesicle  apiK'urs  pulpy  and  flocculent.  It  is 
thrown  into  wrinkles  by  the  contraction  of  the  outer  layer,  and,  soon, 
red  fleshy  mammillary  processes  grow  from  it,  and  gradually  enlarge  till 
they  nearly  till  the  vesicle,  and  even  protrude  from  the  oritice  in  the 
external  covering  of  the  ovary.  8ubse(|uently  this  orifice  closes,  but  the 
fleshy  growth  within  still  increases  during  the  earlier  period  of  preg- 
nancy,  the  i^olor  of  the  substanc-c  gradually  changing  from  red  to  yellow, 
and  its  consistence  becoming  tirraer 

The  human  corpus  luttnini  (fig,  457)  differs  from  that  of  the  domestic 
quadruped  in  being  of  a  firmer  texture,  and  having  more  frequently  a 


FIr,  457.— Corpora  Uitoft  of  ilifferient  iH»rk»cls.     B,  corpus  luteum  of  ahool  fl.,  ^_ .  „_ 

Aft^r  Impi^miAtion^  ftliowinpr  l^vi  )>Iicate(1  fonii  E&t  th&t  period.  1.  mibtftAHcc  of  the  (Mrmiy;  %  aab- 
KtAiiCK' or  th«^  c<irpui4  Jbjteum  ;  <1  A  ir>'a3iHh  oQa^ulum  in  it«  cavity.  (pAtemoti/)  A,  corpuB  hi- 
teum  two  days  arter  dt'lht^ry ;  I>,  in  the  twelfth  week  after  deUvery.     (Montfcouiery,) 

persistent  cavity  at  its  centre,  and  in  the  stelliform  cicatrix,  which  re- 
mains in  the  eases  where  tlie  cavity  is  obliterated,  being  pro|>ortioDately 
of  much  larger  bulk.  The  quantity  of  yellow  substance  formed  is  also 
mnch  less:  and  although  the  deposit  increases  after  the  yesicle  has 
burst,  yet  it  does  not  usually  form  mammillary  growths  projecting  into 
the  cavity  of  the  vesicle,  aud  never  protrudes  from  the  orifice,  as  is  the 
case  in  other  Mammalia.  It  maintains  the  character  of  a  uniform,  or 
nearly  uniform,  layer,  which  is  thrown  into  wrinkles,  in  consequence  of 
the  contraction  of  the  external  tunic  of  the  vesicle*.  After  the  orifice  of 
the  yesicle  has  closed,  the  growth  of  the  yellow  substance  continues  dur- 
ing the  first  half  of  pregnancy,  till  the  cavity  is  reduced  to  a  compara- 
tively small  size,  or  is  obliterated;  in  the  latter  cHse,  merely  a  white 
stelliform  cicatrix  remains  in  the  centre  of  the  corpus  hiteum. 

An  effusion  of  blood  generally  takes  place  into  the  cavity  of  the  fol- 
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licle  at  the  time  of  its  rupture,  especially  in  the  human  subject,  but  it 
has  no  share  in  forming  the  yellow  body;  it  gradually  loses  its  coloring 
matter.  The  serum  of  the  blood  sometimes  remains  included  within  t 
cavity  in  the  centre  of  the  coagulum,  and  then  the  decolorized  fibrin 
forms  a  membraniform  sac,  lining  the  corpus  Inteum.  At  other  timeB 
the  serum  is  removed,  and  the  fibrin  constitutes  a  solid  stelliform  roaas. 

The  yellow  substance  of  which  the  corpus  luteum  consists,  both  in 
the  human  subject  and  in  the  domestic  animals,  is  a  growth  from  the 
inner  surface  of  the  ruptured  follicle,  the  result  of  an  increased  devel- 
opment of  the  membrana  granulosa. 

The  first  changes  of  the  internal  coat  of  the  Graafian  vesicle  in  the 
process  of  formation  of  a  corpus  luteum  seem  to  occur  in  every  case  in 
which  an  ovum  escapes;  as  well  in  the  human  subject  as  in  the  domestic 
quadrupeds.  If  the  ovum  is  impregnated,  the  growth  of  the  yellow  sub- 
stance continues  during  nearly  the  whole  period  of  gestation  and  fonni 
the  large  corpus  luteum  commonly  described  as  a  characteristic  mark  of 
impregnation.  If  the  ovum  is  not  impregnated,  the  growth  of  yellov 
substance  on  the  internal  surface  of  the  vesicle  proceeds,  in  the  hunm 
ovary,  no  further  than  the  formation  of  a  thin  layer,  which  shortly  dis- 
appears;  but  in  the  domestic  animals  it  continues  for  some  time  after 
the  ovum  has  perished,  and  forms  a  corpus  luteum  of  considerable  size. 
The  fact  that  a  structure,  in  its  essential  characters  similar  to,  though 
smaller  than,  a  corpus  luteum  observed  during  pregnancy,  is  formed  in 
the  human  subject,  independent  of  impregnation  or  of  sexual  union, 
coupled  with  the  varieties  in  size  of  corpora  lutea  formed  during  preg- 
nancy, necessarily  renders  unsafe  all  evidence  of  previous  impregnation 
founded  on  the  existence  of  a  corpus  luteum  in  the  ovary. 

The  folllowing  table  by  Dal  ton,  expresses  well  the  diflPerences  between  the 
corpus  luteum  of  the  pregnant  and  unimpregnated  condition  respectively  :— 

Corpus  Luteum  of  Menstni-        Corpus  Luteum  of  Preg^nancj. 

ation. 
Tliree- quarters  of  an  inch  in  diameter ;  central  clot  reddish ;  con- 
voluted wall  pale. 

Larger ;  convoluted  wall  bright  yel- 
low ;  clot  still  reddish. 


At  the  end  of 

three  weeks 

One  month  . 


Tico  months 


Smaller ;  convoluted  wall 
bright  yellow ;  clot  still 
reddish. 

Reduced  to  the  condition 
of  an  insignificant  cica- 
trix. 


Sia^  months  .    Absent. 


Nine  months   Absent. 


Seven-eighths  of  an  inch  in  dia- 
meter; convoluted  wall  bright 
yellow;  clot  perfectly  decolor- 
ized. 

Still  as  large  as  at  end  of  second 
month  ;  clot  fibrinous  ;  convoluted 
wall  paler. 

One-half  an  inch  in  diameter;  cen- 
tral clot  converted  into  a  radi- 
ating cicatrix ;  the  external  wall 
tolerably  thick  and  convoluted, 
but  without  any  bright  vellow 
color. 
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Of  the  Mate. — In  order  that  the  onim  should  be  fecundated,  it  is 
necessary  that  it  should  meet  with  the  semiual  fluid  of  the  oiak^  Thia 
is  accomplished  by  the  junction  of  the  sexes  in  the  act  of  coition, 
whereby  the  seminal  fluid  is  discharged  into  the  neighborhood  of,  if  not 
within,  the  cervix  uteri.  Before  considering  the  ebangcB  which  are 
produced  in  the  ovum  by  impregnation,  it  will  be  as  well  to  describe  the 
nature  of  the  seminal  fluid.  This  consists  essentially  of  the  semen  se- 
creted by  the  testes^  and  to  this  are  added  a  material  secreted  by  the 
resiculas  seminaiea,  as  well  as  the  secretion  of  the  prostate  gland,  and  of 
Cowper's  glands*  Portions  of  these  several  fluids  are  discharged,  to- 
gether with  the  proper  secretion  of  the  testicles. 

The  semen  is  a  viscid,  whitish,  albuminous  fluid  of  a  peculiar  odor. 
It  contains  epithelium,  granules  or  colorless  particles,  and  large  nnm- 
bers  of  sj^erumiozoa^   which  are  the  characteristic  and  essential  elements. 


Fig.  468. 


r\g.  450. 


Tift,  466,— Spermatic  fUomentfi  from  the  huinjui  vaa  deferetiK. 
nuu^ained  SOO  dlametera;  a,  from  thfi  Hide;  b,  from  above.    fProm  KGU 
Fig.  4A9.— Sperm&toxoik     1,  Of  salomander;  2,  hiiimui.     (H.  Gibbeti. ) 


magmlflfx]  300  dlAmeten:  t, 
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I        nui 

I     The  spermatozoa  are  minute  bodies  each  consisting  of  a  flattened  oval 

I      head  and  attached  to  it  a  long  slender  tapering  mobile  flagellum  or  tail, 

I  In  some  forms  of  spermatozoa  there  is  a  small  middle  piece  interposed 

I      between  the  head  and  the  tail.     The  head  is  about  ^^nnrth  inch  (about 

4ji}  long  and  xirhrff^^  ^'^^^^  (about  2.5;^)  broad.     The  tail  is  about  ^Vir^^^ 

to    jtjVtf^^^  ^^^^  (5/Ji-O/i)  long.      The  spermatozoa  possess  the  power  of 

active  movement,  and  it  is  by  this  sinuons,  cilia- like  movement  that 

they  are  propelled  in  the  female  and  so  helped  in  their  progress  to  meet 

the  ovum*     The  lashing  ciliumdike  moveraeot  of  a  spermatozoon  may 
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go  on  for  boors  or  days  in  the  alkaline  fluids  of  the  body.  It  is  stopped 
by  any  of  the  agencies  which  stop  ciliary  moTement,  e,g,^  acids,  or 
atrong  alkalies,  alcohol,  chloroform,  cold  to  0"^  C,  and  heataboTe  50*  C, 

On  examining  the  spermatozoon  of  Triton  cristatus,  one  of  the  am* 
phibia  which  possess  the  largest  s]>ermatozoa  of  all  vertebnitc  fttiimah, 
II,  Gibbes  found  that  the  organism  consisted  of  {a)  a  long  pointed  bead, 
at  the  base  of  which  is  (^),  an  elliptical  structure  joining  tho  hrad  to 
(f),  a  long  Aliform  body;  (r/),  a  fine  filament,  much  longer  than  tli« 
body,  is  connectt^d  with  this  latter  by  (e),  a  homogeneous  membrane* 

The  hoacl,  as  it  appears  in  the  fre^h  specimen,  has  a  different  reffio- 
live  power  from  that  of  the  rest  of  the  organism,  and  with  a  high  |ioww 
appears  to  be  a  light  green  color;  there  is  also  a  central  line  running  op 
it,  from  which  it  appears  to  be  hollow. 

The  elliptic^d  struct ure  at  the  base  of  the  bead  connects  it  with  the 
long  threadlike  body,  and  the  filament  springs  from  it. 

While  the  spermatozoon  is  living,  this  filament  is  in  constant  mo- 
tion; at  first  this  is  so  quick  that  it  is  difficult  to  see  it,  but  as  its  Titsl* 
ity  becomes  impaired  the  motion  gets  slower,  and  it  is  then  emsily  pei^ 
ceived  to  be  a  continuous  waving  from  side  to  side* 

The  spermatozoa  of  all  mammalia  examined,  consisting  of  nmn^  htR^ 
dofjf^  horse^  cat^  pig^  mmiM^  rat,  (fuinm-pif/,  had  instead  of  the  long-pointed 
head  of  the  am|diib]an,  a  blunt  thick  process  of  different  shapes  in  tbo 
different  animals;  and  from  the  root  or  neck  of  this  proceeded  the  long 
filament  just  as  in  the  amphibia,  only  so  delicate  as  to  be  invisible  except 
with  very  high  powers. 

In  man  the  head  (fig.  459)  is  club-shaped,  and  from  its  biise  spring! 
the  very  delicate  filament^  which  is  three  or  four  times  as  long  as  ths 
body;  and  the  membrane  which  attaches  it  to  the  body  is  much  brcMwltr, 
and  allows  it  to  lie  at  a  greater  distance  from  the  body  than  in  the  sper- 
matozoa of  any  other  Mammal  examined. 

From  his  investigation,  Gibbes  concluded: — Ist,  that  the  bead  efths 
spermatozoon  is  inclosed  in  a  sheath,  which  is  a  continuatton  ol 
•membrane  which  surrounds  the  filament,  and  connecte  it  to  the  body, 
acting  in  fact  the  part  of  a  mesentery,  2ndly.  That  the  substance  of 
head  is  quite  distinct  in  its  composition  from  the  elliptical  straotnit, 
the  Ulamont  and  the  long  body,  and  that  it  is  readily  acted  on  by  Alkmltei; 
these  reagents  have  no  effect,  however,  on  the  other  part,  exesmptiitg 
the  membraneous  sheath.  3rdly.  That  this  elliptical  structure  bss  iti 
analogue  in  the  mammalian  spermatozoon;  in  the  one  case  the  heed  ii 
drawn  out  as  a  long  pointed  process,  in  the  other  it  is  of  m  globnkr 
form,  and  sarrounds  the  elliptical  structure.  4thly.  Thai  the  mctin 
power  lies,  in  a  great  measure,  in  the  filament  and  the  Eiiemliraiie  il^ 
laohiog  it  to  the  body. 
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The  spermatozoa  are  derived  f»om  the  breaking  up  of  the  seminal 
cells  or  (laughter  cells.     They  must  be  looked  apon  ag  modified  cells. 

The  occurrence  of  spermatozoa  in  the  impregnating  fluid  of  nearly 
all  classes  of  animals,  proves  that  they  are  essential  to  the  process  of 
impregnation,  and  their  actual  contact  with  the  ovum  is  neoessary  for 
its  development* 

The  seminal  fluid  is,  probably,  after  the  period  of  puberty  secreted 
constantly,  though,  except  under  excitement,  very  slowly,  in  the  tubules 
of  the  testicles.  From  these  it  passes  along  the  vasa  deferentia  into  the 
Teeiculfe  seminales,  whence,  if  not  expelled  in  emission,  it  may  be  dis- 
cdierged,  as  slowly  as  it  enters  them,  either  with  the  urine,  which  may 
remove  minute  quantities,  mingled  with  the  mucus  of  the  bladder  and 
the  secretion  of  the  prostate,  or  from  the  urethra  in  the  act  of  defsBca- 

tiOD. 

To  the  vesiculie  seminales  a  double  function  may  be  assigned ;  for 
they  both  secrete  some  £uid  to  be  added  to  that  of  the  testicles,  and 
serve  as  reservoirs  for  the  seminal  fiuid.  The  former  is  their  most  con- 
stant and  probably  most  important  office  j  for  in  the  horse,  bear,  guinea* 
pig,  and  several  other  animals,  in  whom  the  vesicul®  seminales  are  large 
and  of  apparently  active  functions,  they  do  not  communicate  with  the 
vasa  deferentia,  but  pour  their  secretions,  separately,  though  it  may  be 
aimultaneously,  into  the  urethra. 

There  is  a  complete  want  of  information  respecting  the  nature  and 
purposes  of  the  secretions  of  the  prostate  and  Cowper's  glands.  That 
they  contribute  to  the  right  composition  of  the  impregnating  fluid,  is 
ihown  both  by  the  position  of  the  glands  and  by  their  enlarging  with 
the  testicles  at  the  approach  of  an  animal's  breeding  time.  But  that 
they  contribute  only  a  subordinate  part  is  shown  by  the  fact,  that,  when 
the  testicles  are  lost,  though  these  other  organs  be  perfect,  all  procrea- 
tive  power  ceases. 

The  fluid  part  of  the  semen  or  liquor  seminia  has  not  been  satisfac- 
torily analyzed:  but  Henle  says  it  contains  fibrin,  because  shortly  after 
being  discharged,  flocculi  form  in  it  by  spontaneous  coagulation,  and 
leave  the  rest  of  it  thinner  and  more  liquid,  so  that  the  filaments  move 
in  it  more  actively.  The  chief  constituents  of  the  semen  are  said  to  be  a 
variety  of  nucleiny  which  does  not  contain  sulphur;  certain  proteuk^  one 
of  which  contains  four  per  cent,  of  sulphur;  kcithin;  ckokstcrin;  fai^ 
and  extractive. 
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CHAPTEE  XIX. 

DEVELOPMENT. 

Changes  which  occur  in  the  Ovum. 

Op  the  changes  which  take  plac«  in  the  ovum,  some  occur  before 
and  are  as  it  were  preparatory  to  impregnation,  and  others  ensue  after 
impregnation.  It  will  be  as  well  to  consider  the  respective  changes 
separately. 

Changes  prior  to  Impregnation. — These  changes  especially  concern 
the  germinal  vesicle,  and  have  been  observed  chiefly  in  the  ova  of  low 
types.  The  ovum  when  ripe  and  detached  from  the  ovary  consists,  it 
will  be  remembered,  of  a  granular  yolk  inclosed  within  the  protoplasmic 
zona  pellucida,  and  containing  the  germinal  vesicle  and  germinal  spot  situ- 
ated eccentrically.  The  yolk  granules  are  of  different  sizes,  from  the 
minutest  molecules  up  to  a  diameter  of  -nnnr^^  ^^  rAnr^^  ^^  ^^  i^ch 
(about  %bfi).  The  germinal  vesicle  consists  of  reticulated  protoplasm 
inclosed  in  a  distinct  membrane,  and  containing  one  or  more  nncleoli 
or  germinal  spots.  The  primary  change  observed  in  the  ovum  consists 
in  alterations  in  the  shape  of  the  vesicle,  the  disappearance  of  its  pro- 
toplasmic reticulum,  and  of  its  inclosing  membrane,  with  a  consequent 
indentation  and  indistinctness  of  its  outline.  Its  protoplasm  becomes 
to  a  considerable  extent  confounded  with  the  yolk  substance,  and  its 
germinal  spot  disappears.  The  next  step  in  the  process  is  the  appear- 
ance in  the  yolk  of  two  stars  in  a  clear  space  near  the  poles  of  the  vesi- 
cle elongated  to  a  certain  extent,  and  from  this  results  a  nuclear  spindle. 
corresponding  to  a  nucleus  in  the  process  of  division,  with  the  stars  at 
either  end  lying  near  the  surface  of  the  yolk.  This  spindle  next  become 
vertical,  and  the  star  nearer  tlie  surface  protrudes  from  the  ovum  envel- 
oped in  a  protoplasmic  miiss,  which  by  constriction  forms  the  ^Tst  polar 
cell.  A  second  polar  cell  arises  in  the  same  way.  From  the  remainder 
of  the  spindle  within  the  yolk  two  or  three  vesicles  arise,  and  by  the 
junction  of  these  a  single  nucleus  is  formed,  which  is  called  the  female 
pro-nucleus.  This  is  clearly  derived  from  the  original  germinal  vesicle. 
It  must  be  remembered  that  these  changes  have  been  so  far  observed  only 
in  a  certain  number  of  instances.  It  is  very  possible,  not  to  say  probable, 
that  such  changes  are  universal  in  the  animal  kingdom  (Balfour). 

Balfour's  view  as  to  the  formation  of  the  polar  bodies  may  be  given 
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in  his  own  words: — "'  My  view  amounts  to  the  following,  viz,,  thut  ufter 
the  formation  of  the  polar-cells,  the  remainder  of  the  germinal  vesicle 
witliin  the  ovum  (the  female  pro-nucleus)  is  incapable  of  further  devel- 
opment without  the  addition  of  the  nuclear  part  of  the  male  element 
(Bi>ermatozoon),  and  that  if  polar-cells  were  not  formed,  parthenogenesis 
might  normally  oceur/* 

Changes  foUowini^  Impregnation.— The  process  of  impregnation 
of  the  ovum  hm  been  observed  most  accurately  in  the  lower  types.  In 
mammalia,  although  spermatozoa  pass  in  numbers  through  the  yolk 
envelope,  yet  their  further  progress  is  only  inferred  from  observations  on 
the  lower  animals.  The  process  in  asteria^  glacutUs^  according  to  Bal- 
four, is  as  follows: — The  head  of  a  single  spermatozoon  joins  with  an 
elevation  of  the  yolk  substance,  the  tail  remaining  motionless,  and  then 
disappearing.  The  head  enveloped  in  the  protoplasm  then  sinks  into. the 
yolk  and  becomes  a  nucleus,  from  which  the  yolk  substance  is  arranged 
in  radiating  lines.  This  is  the  male  jiro-jincleus.  At  first,  at  some  dis- 
tance from  the  female  pro-nueleus,  it  after  a  while  approaches  nearer, 
and  the  female  pro-nucleus,  which  wiis  Ijefore  inactive,  becomes  active. 
The  nuclei  at  last  meet  and  unite.  The  result  of  their  union  is  tliefrsi 
Mgmmiaiion  sphere,  or  MmtO'Sphere.  It  is  a  nucleated  protoplasmic  cell. 
The  changes  which  have  resulted  in  the  formation  of  the  blasto-sphere 
or  primitive  segmentation  germ  are  followed  by  the  process  known  as 
segmentation  of  the  yolk. 

This  process  and  the  earlier  stages  in  development  are  so  fundamen- 
tally similar  in  all  vertebrate  animals,  from  fishes  up  to  man,  that  the 
gaps  existing  in  our  knowledge  of  the  process  in  the  higher  mammalia, 
SQch  as  man,  may  be,  in  part,  at  any  rate,  filled  up  by  the  more  accu- 
fate  knowledge  whicli  we  possess  of  the  development  of  the  ovum  in 
such  animals  as  the  trout,  frog,  and  fowl. 

One  imiwrUnt  cJistinction  between  the  OTa  of  variotia  Tertebrata  should  be 
reraeml)ere<i.  In  the  hen's  egg>  liesiden  the  shell  and  the  white  or  albumen,  two 
other  structurew  are  to  hn  distinguished— Uie  germ.^  often  called  the  cicatricula 
or  *"  tread/'  and  the  ijolk,  inclosed  in  its  vitelline  membrane. 

The  germ  is  (as  was  mentioned  in  the  deseription  akeatly  given)  eseentiallj 
a  cell,  consisting  of  protoplasm  inclosing  a  nnclena  and  nucleolus.  It  alone 
participates  in  the  process  of  segmentation,  the  great  moss  of  tlu^  yolk  ffood- 
yolk)  remaining  quite  unaffected  by  it.  Since  only  the  germ,  wliich  forms  but 
a  snian  portion  of  the  yolk,  undergoes  segmentation,  the  ovum  is  called  mero^ 
btaHtic. 

In  the  mammalia,  on  the  other  hand»  there  is  no  large  unsegniented  mass 
corresponding  to  the  ftKKl-yolk  of  birds  ;  the  entire  ovum  undergoes  segmenta- 
tion, and  is  hence  termed  hotol)lastic. 

Tlie  eggs  of  fishes,  reptiles,  and  birds,  are  meroblastic,  while  those  of  am- 
phibia and  mammalia  are  holoblaHtic. 

Of  the  changes  which  the  mammalian  ovum  undergoes  previous  to 
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the  forinatioE  of  the  embryo,  those  which  occur  while  it  is  Btill  in  fift' 
ovary  are  independent  of  impregnation:  others  take  place  after  it  Im 
reaohetl  the  Fallopian  tube.     The  knowledge  we  possess  of  these  chmgw 

18  derived  almost  exclosiTely  from  obier- 
vations  on  the  ova  of  the  bitch  and  raUiit: 
but  it  may  be  inferred  that  analogom 
changes  ensue  in  the  huoian  qtutu. 

As  the  ovum  approaches  the  middle  of 
the  Fallopian  tube,  it  begins  to  receive  t 
new  investment,  consisting  of  a  layer  d 
transparent  albuminous  or  glntiBOUB  fal>- 
stance,  which  forms  upon  the  exterior  of 
the  zona  i>ellucida.  It  is  at  first  eic^. 
ingly  fine»  and  owing  to  this»  and  ioili 
transparency,  is  not  easily  recogniied, 
but  at  the  lower  part  of  the  Fallopian 
tube  it  acquires  considerable  thicknesL 

SefpntHiaiion, — The  first  visible  result 
of  fertilization  is  a  slight  amceboid  moTe- 
ment  in   the  protoplasm   of   the  ovum: 
this  has  been  olieerved  in  some  fish,  in  the 
frog,  and  in  some  mammals.     Immediatdj     i 
succeeding  to  this  the  proceaa  of  aegmei^fl 
tation  conimenees,  and  is  completed  d«r- " 
ing  the  passikg©  of  the  ovum  through  the 
Fallopian  tube.     In  mammals,  in  whicb 
the  process  is  an  example  of  complete  ^- 
m  en  tation,  the  yolk  becomijs  constricted 
in  the  middle,  and  is  surrounded  bjf  i 
furrow   which,  gradually    deepening,  li 
length  cuts  it  in  half,  while  the  same  pro- 
cess begins  almost  immediately   in  each 
half  of  the  yolk,  and  cuta  it  also  in  tw< 
The  same  process  is  repeated  in  each 
the  quarters,  and  so  on,  until  at  last 
continual    cleavings,    the    whole   yolk 
changed    into   a    mulberry-like   maa  of 
small  and  more  or  less  rounded  botlies, 
sometimes    called    vitcUins    spheres^  the 
whole  still  inclosed  by  the  aiona  pellucida  (fig*  460),     Each  of  these  lit- 
tle spherules  contains  a  transparent  vesicle,  like  an  oil*globiile,  which  ii 
seen  with  difficulty,  on  account  of  its  being  enveloped  by  the  yolk-gnm- 
ules  which  adhere  closely  to  its  surface. 


Fl^.  460.--mfifn^&mB  of  the  vwi- 
ous  sUiges  of  eleaVaff^  of  Uie  yolk. 
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The  cause  of  this  singular  subdivision  of  tho  yolk  is  quite  obscure: 
though  the  immediate  ageiifc  in  its  prmiuction  seems  to  be  the  central 
vesicle  contained  in  each  division  of  the  yolk.  Originally  there  was  prob- 
ably but  one  vesicle,  situated  in  the  centre  of  the  entire  granular  mass 
of  the  yolk>  and  probably  derived  in  the  manner  already  described  from 
the  germinal  vesicle.  This  divides  and  subdivides:  each  successive  divi- 
sion and  subdivision  of  the  vesicle  being  accompanied  by  a  corresponding 
division  of  the  yolk. 

About  the  time  at  which  the  mammalian  ovum  reaches  tlie  uterus, 
the  process  of  division  and  subdivision  of  the  yolk  appears  to  have 
ceased,  its  substance  having  been  re&olved  into  its  ultimate  and  smallest 
divisions,  while  its  surface  presents  a  uniform  finely-granular  aspect, 
instead  of  its  late  mulberry-like  appearance.  The  ovum,  indeed,  ap- 
pears at  first  sight  to  have  lost  all  trace  of  tho  cleavage  process,  and, 
with  the  exception  of  being  paler  and  more  translucent,  almost  exactly 
resembles  the  ovarian  ovum,  ita  yolk  consisting  apparently  of  a  confused 
maes  of  finely  granular  substance.  But  on  a  more  careful  examination, 
it  is  found  that  these  granules  are  aggregated  into  numerous  minute 
spheroidal  masseir?,  each  of  which  contains  a  clear  vesicle  or  nucleus  in 
its  centre,  and  is,  in  fact,  an  mnbr^onal  ctlL  The  zona  pellucida,  and 
the  layers  of  albuminions  matter  surrounding  it,  have  at  this  time  the 
same  character  aa  when  at  the  lower  part  of  the  Fallopian  tube. 

The  passage  of  the  ovum,  from  the  ovary  to  the  uterus,  occupies 
probably  eight  or  ten  days  in  the  human  female. 

^len  the  peripheral  cells,  which  are  formed  first,  are  fuliy  devel- 
oped, they  arrange  themselves  at  the  surface  of  the  yolk  into  a  kind  of 
membrane,  and  at  the  same  time  assume  a  polyhedral  shape  from  mutual 
pressure,  so  as  to  resemble  pavement  epithelium.  The  deeper  cells  of  the 
interior  pass  gradually  to  the  surface  and  accumulate  there,  thus  in- 
creasing the  tliickness  of  tbe  membrane  already  formed  by  the  more 
superficial  layer  of  cells,  while  the  central  part  of  the  yolk  remains  filled 
only  with  a  clear  fluid.  By  this  means  the  yolk  is  shortly  converted 
into  a  kind  of  secondary  vesicle,  tho  walls  of  which  are  composed  exter- 
nally of  the  original  vitelline  membrane,  and  within  by  the  newly  formed 
ceUular  layer,  the  Masioderm  or  germimtl  membrane,  as  it  is  called. 

Sefjmeniaiioft  iti  the  Chick. — The  embryo  chick  affords  an  illustra- 
tion  of  what  is  knowTi  as  incomplete  or  partial  segmentation,  or  mero- 
blastic  segmentation.  In  the  youngest  ova  the  germinal  vesicle  is  situ- 
ated subcentrally,  but  as  development  proceeds  it  piissos  to  the  periphery, 
and  the  protoplasm  surrounding  it  remaining  free  from  yolk  granules, 
iliQ  germina/  disc  is  formed.  This  germinal  disc  is  not  marked  out  by 
any  fihaq>  line  from  the  remaining  protoplasm,  hut  passes  insensibly 
into  it.  The  first  change  consists  in  the  appearance  of  a  furrow  run- 
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ning  acrosa  the  disc  dividing  it  into  two;  it  does  not  extend  acroa 
the  whole  breadth.  A  second  furrow,  at  right  angles,  cutting  the  fan 
a  little  ecceutriciilly,  next  appears,  and  the  disc  is  thus  cut  iiit^>  foor 
quadranta.  The  f urrowa  do  not  extend  through  the  whole  thickiiesg  of 
the  disc,  and  the  segments  are  not  separated  out  on  the  lower  aspect,! 
The  quiidrants  are  next  bisected  by  radiating  furrows,  and  ihe  disc  il 
thus  divided  into  eight  parts.  The  central  portion  of  each  segment  ii^ 
now  cut  off  from  the  peripheral  furrow,  so  that  a  number  of  smaller 
central  and  larger  peripheral  portions  result  As  the  primary  dirijajoa 
was  eccentric  and  the  succeeding  followed  the  same  plan,  there  resultj 
a  bilateral  symmetry;  but  the  relation  of  the  axis  of  symmetry  and  ibt 
long  axis  of  the  embryo  is  not  known.  Eapid  division  of  the  segment! 
by  furrows  in  various  directions  now  ensues,  and  the  small  central  por- 
tions are  more  rapidly  broken  up  than  the  larger,  and  therefore  become 
more  numerous.  During  this  superficial  segmentation  a  similar  prooai 
goes  on  throughout  the  whole  mass,  and  division  goes  on  not  only  by 
vertical  hut  also  by  horizontal  furrows.  The  result  of  this  process  of 
segmentation  is  that  the  original  germinal  disc  is  cut  into  a  large  unni- 
ber  of  small  rounded  protoplasmic  cells,  small  in  the  centre,  larger  to 
the  periphery,  and  that  the  superficial  cells  are  smaller  than  those  be- 
low; the  two  original  layers  of  the  blastoderm  are  thus  early  representei 
The  process  of  segmentation  proceeds  at  the  periphery  of  the  ger- 
minal disc,  and  at  the  same  time  further  division  of  the  cella  at  th« 


Fig   461.— Vertical  eectJon  of  area  peUucida  and  area  opaca  (left  extremity  of  H^fiire)  c|; 
bla»to3**rm  of  a  fre«h-laid  prk  Cunmciil>at*»d).     S»  Buperflcial  layer  correspondUig  to  wf"—- 
J5,  dtseper  layer,  corresponding   to   hj-^iobltkHt,  and   probably  in  part    to  nMMOWSt:   Jf. 
** Normative  cell»/  filled  with  volk  erranul*^,  and  lyine  on  the  floor  of  the  sei^uieolmll 
A^  the  while  yolk  immediately  underlyiug  tbe  Beginentation  cavity.     (Striclrar.) 

centre  proceeds.     The  nucleus  of  the  original  cell  divides  ooincidentlj 
with  the  protoplasm,  and  so  it  cornea  that  the  protoplasmic  mamm  aire 
uuclcaled;  and  heaides  this,  nuclei  derived  from  the  original  nncleufi 
are  found  in  the  ovum  helow  the  area  of  segmentation,  and  from  t^ 
by  the  protoplasm  which  surrounds  them  being  constricted   off  wi 
them,  supplementary  eegmentation  masses  come  to  be   formed. 
blastoderm  is  thus  formed  as  the  result  of  segmentation,  and  between 
and  the  subjacent  white  yolk  is  a  cavity  containing  fluid.      The  aegmen- 
tation  having  been  completed  toward  the  centre,  although  it  atill  pi 
ceeds  at  the  periphery,  the  superficial  layer  of  the  blastoderm  becoi 
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a  layer  of  columnar  nucleated  cells,  and  the  lower  layer  conaista  of  larger 
maaseB  iiidistinctly  nucleated,  still  graoular  and  rounded,  irregularly 
disposed.  In  the  segmentation  cavity  are  the  supplementary  segmenta- 
tion ma*5scs  or  formative  cells. 

When  the  egg  is  iucubated,  rapid  changes  take  place  in  the  hlasto- 
derm,  resulting  in  the  formation  first  of  all  of  two,  then  of  the  three 
layers,  which  have  been  already  mentioned  in  the  first  chapter.  The 
superficialj  or  epiblast,  does  not  at  first  enter  into  these  changes,  but 


j^S.^Imprecnttbed  egg^  wltfa.  oommeaoement  of  formaticm  of  embiyo;  nbowin^  the  areA 
iva    or   embryoalo   qx>t,   tlie  Are*   i)el]uctd&«  and   thi^   prlmJlh-e  li^roox'e    or    traock 


continues  to  be  a  layer  of  nucleated  columnar  cells.  But  in  the  lower 
layer  of  larger  rounded  cells  certain  of  the  cells  become  flattened  hori- 
zontally, their  granules  disappear^  and  the  nuclei  become  distinct.  A 
membrane  of  flattened  nucleated  cells  is  then  formed,  first  of  all  toward 
the  centre  of  the  area»  afterward  perijiherally  also:  thia  is  tlie  hypoblast. 
Between  the  two  layers  some  colls,  not  belonging  to  either  layer,  remain. 
These  cells  are  almost  entirely  at  the  back  part  of  the  area.  The  for- 
mation of  the  intermediate  layer  of  mesoblast  is  more  complicated, 
and  will  now  be  described. 

At  this  period  it  is  necessary  to  return  to  the  surface  view  of  the 
blastoderm*  Before  incubation  it  is  seen  to  consist  of  a  more  or  less 
circular  transparent  area,  the  area  pellucida,  surrounded  by  an  opaque 
rim,  which  is  called  the  area  opaca.  The  area  opaca  rests  upon  the 
white  yolk  :  beneath  the  area  pellucida  is  a  cavity  containing  fluid.  In 
the  centre  of  the  area  pellucida  is  a  white  shining  spot,  or  nuckus  qf 
Pander^  shining  through.  This  is  the  upper  dilated  extremity  of  the 
flask-shaped  accumulation  of  white  yolk  upon  which  the  blastoderm 
rests. 

The  yellow  yolk  consists  of  spheres  25/x  to  lOO/i  in  diameter,  filled  with 
highly  refractive  granules  of  an  albuminous  nature,  and  the  white  yelk 
being  distinguished  from  the  yellow  not  only  by  its  lighter  color,  but 
also  because  its  vesicles  are  smaller  than  those  of  the  yellow.     Each  con- 
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tains  a  highly  refractive  body.     Some  large  spheres  contain  a  nttmber  i 
Bphcrules.     Some  of  these  are  vacuolated.     The  wliite  yolk  not  only  ( 
velopea  the  yellow  yolk  in  a  thin  layer,  and  merges  with  the  oentnll 
flask-shaped  mass,  already  mentionedj  but  algo  is  found  in  the 
yolk,  forming  with  it  alternate  layers* 

Except  that  the  central  shining  opacity  of  the  pellucid  turem  bai  di*- 
appeared,  that  the  size  of  the  area  has  increased,  and  that  the  opaque 


Tlgr  4^— TranBverM  aectloa  throuifh  embrTo 
c,  hypoblast:  d,  central  portion  ot  DUMoblaflt,  wLi.. 
fgtoove;  /,  dorsal  rldg«.     (Klein.) 


ucmn).    a,  epiblMt;  lb»  l _, 

li^re  fuaed  with  epihlmtft;  «,  prliBiUvi 


area  has  also  increased,  no  other  change  can  be  remarked  np  to  the  fo 
mation  of  the  two  complete  layers.     There  is,  however,  a  alight  iS 
defined  opacity  at  the  posterior  part  of  the  area  pellucida,  known  ; 
embryo  flic  .shielfL     This  opacity  ia  probably  due  to  the  intermediate  oe&i 
already  mentioned  as  existing  between  the  epl  blast  and  hypoblast. 

In  the  posterior  part  of  the  area  pellucida  now  appears  an  opoiqnt 
streak  which  extends  about  a  third  of  the  diameter  of  the  area  toward 
the  middle  line.  This  is  the  Primitive  streak.  It  is  found  on  truM- 
verse  section  of  the  blastoderm  in  this  neighborhood  to  be  due  to  a  pftK 
liferation  downward  of  cells  tw^o  or  more  deep  from  the  epiblaal*  Tb$ 
area  pellucida  now  becomes  oval*     As  the  primitive  streak  becomaa  i 


i 


Flff,  464.^DiAgmn  of  tnuasrarae  aectton  throuf^h  lui  voabrTo  before  thi«  c1o«lfi|t-tB  ei  t^ 
meduluLry  r  -*»-  „.__.  .._._   ^^         ^_-«         _  _^..»      .*.  - 

cord;   h 


luluLry  gfW)Te.  rh  oelli  of  epfbtMt  llnJng  th«  medullary  enwre  which  will  toem  the  i^iml 
I;  A.  epiblABt;  d.  hjrpoblatft;  c^  notochord;  u.  protov«ftebra ;  #p,  mctoblasi;  ir,  mti*  ^ 
IM  donHUti,  r^ldiiiK  ofer  medulUry  groove,    cKoinicer  j 


defined  the  area  peltncida  changes  its  oval  for  a  pear  ahapo,  bat  tk 

streak  increases  in  size  faster  than  the  area,  and  so  after  a  time  ia  iboal 
two-thirds  of  its  length.  In  the  primitive  streak  a  groove,  the  pdllri' 
tive  ^oove,  rnns  along  its  axis.  From  the  primitive  stroak  the  odb 
from  the  under  surface  of  the  epi blast  now  extend  as  lateral  wtnga  to  tk 
edge  of  the  pellucid  area;  Ihey  are  not  joined  with  the  hypoblask    Tha^j 
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intermediate  layer  of  cells  in  this  position  producing  the  primitive 
fitreak  is  a  portion  of  the  intermediate  layer  or  mesoblast.  It  is 
formed  chiefly  from  the  epiblast,  but  laterally,  especially  in  the  front 
part  of  the  primitive  streak,  it  appears  to  be  derived  at  any  rate  in  ]iart 
from  the  cells  of  the  primitive  lower  layer.  At  the  most  anterior  part 
of  the  primitive  streak,  at  the  point  which  corresponds  to  the  fnture 
posterior  end  of  the  embryo,  the  three  layers  are  all  joined  together. 
The  next  important  change  which  occurs  is  found  in  the  hypoblast  in 
front  of  the  primitive  streak.  The  irregular  layer  of  primitive  ceUs  of 
which  it  is  composed,  split  into  two  hiycrSj  the  lower  consisting  of  flat- 


Ftp.  -MSS.— Port  ion  of  thti  fi^rmlnal  memtirane.  with  rtnUmeDte  of  the  emlMyoi  from  Uie  ovum 
of  a  bitch.  Thi^  priniUlvt?  grciovp,  a,  Ik  not  j^^t  closc^d,  and  at  ft**  upper  or  oepballc  end  pree«ntii 
Ubretf  dUatatlona,  b,  whicti  oorrespoad  to  the  thrt»e  diriaious  or  vesicl«i  of  the  brain.  At  Its 
lower  extremity  th«  groove  preseuta  a  MneetHhap^Hl  diLatAtiou  (liiiQiui  rbombotdalifd  t%  The 
mftTtfitua  of  the  groove  comaiMtot  clear  peUiicid  oerve-subfflanc*.  Alonff  the  bottom  of  the  tfroovo 
is  observed  a  tmat  streak,  which  Is  prt)biibly  tht;  chorda  dorsal! s.  d.  Vert^'bral  plates. 
(BischoffJ 

tened  cells  which  forms  the  hypoblast  proper  and  an  upper  consisting  of 
several  layers  of  stellate  cells^  the  niesohiast. 

In  tlie  preceding  account  of  the  formation  of  the  blajatodermic  layers,  Bal- 
four's description  has  been  chiefly  followed.  It  differs  somewhat  froni  that 
which  wtis  formerly  given.  The  meso blast  was  describetl  as  arisini?  from  the 
hyjKjblast,  together  with  some  of  the  large  formative  cells,  which  migrate  by 
amceboid  movenient  round  the  edge  of  the  hypoblast  (flg.  466.  Jl).  and  no  <HtTer- 
ence  was  made  in  the  formation  of  the  mesohlaat  in  the  primitive  streak  and 
elsewhere. 

I  There  now  appears  in  the  middle  line  extending  forward  from  the 

I     primitive  streak  an  opaque  line,  which  proceeds  almost  to  the  anterior 
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edge  of  the  area  pelUicida^  stopping  short  at  a  transverse  crefloent-ghupe*} 
line,  the  future  headfold.  This  line  is  the  commencing  notochori 
It  is  a  collection  of  mesoblikJtic  cells  from  the  hypoblast  in  the  middie 
lino,  and  remains  connected  with  the  latter  after  the  latoral  portiont  <.f 
the  mesoblast  have  become  quite  detached  from  it.  The  notochor<l  md 
the  hypoblast  from  which  it  arises  are  continued  posteriorly  into  :hc 
primitive  streak.  Thus  tho  mesoblast  of  the  area  on  either  side  of  \ht 
middle  line  in  which  the  embryo  is  formed  arises  from  the  hypoblast,  n 
does  also  the  notochord.  In  the  formation  of  tho  medullary  plate 
which  now  appears,  the  epiblajst  is  concerned.  In  the  middle  line  aUvt 
the  collection  of  cells  that  will  become  the  notochord  that  layer  becomei 
thickent'd.  The  sides  of  tlio  ct'utral  thickened  portion  are  elevated 
somewhat  to  form  the  medullary  folds  inclosing  between  them  \hb 
medullary  groove.  From  this  medullary  plate  is  formed  the  centnl 
nervous  sy^stem.  Although  behind  the  groove  is  a  sh&Uow  one,  if 
be  traced  forward  it  becomes  deeper  and  narrower,  and  at  the  headfof^ 
the  folds  curve  round  and  meet  in  the  middle  line.  Anterior  to  the 
headfold  is  a  second  fold  parallel  to  it,  which  is  the  commencing 


•* 


Tig.  4flft.— Vertical  Bectlon  of  blaetoderm  of  chick  Ost  day  of  IncubatEoD).    8^  e|»lblMlc 
"         -   *    ^      .  ..      ^  ,        ...  '  sting  of  n  single  laver  or  flfctteood  cell*;  _ 

_  '  jl^aire,  DAwlo^  in  betwe««D  the  cpfblMt  ■■! 

hjpoblAat  to  form  the  mesolilaxt ;  A,  whit'<?  yolk  {granules,    llaoy  of  the  largo  "furmattiv  o^* 


■Istliig  of  fibort  cotumDaroeUii;  D,  hypoblast,  consisting  of  a  single  taver  i 
*  formative  c«"jl«.*'    They  are  Bt>f»n  on  tht>  rijfht  of  tht*  jlj^iire,  pawlog  in  ijetn 


are  seen  oontalaing  these  ^aiiuk'^s.     (Strieker.! 


The  medidlary  eatuU  is  bounded  by  ita  two  folds  or  longitudinal  e 
vations,  laminae  dorsales,  which  are  folds  consisting  entirely  of  cells 
the  epiblast;  these  grow  up  and  arch  over  tho  medullary  groore  (fig. 
4^j4)  till  after  Bome  time  they  coalesce  in  the  middle  line,  oonvertiDf  it 
from  an  open  furrow  into  a  closed  tube — the  neural  canai  or  the  priai- 
itive  cerebro-apinal  axis.  Over  this  closed  tube,  the  walls  of  which 
sist  of  more  or  lesa  cylindrical  cells,  the  superficial  layer  of  the  epil 
is  now  continued  as  a  distinct  membrane. 

The  union  of  the  meduOary  folds  or  laminiB  dorsalis  takes  place  ^ 
about  the  neck  of  the  future  embryo;  they  soon  after  unite  OTer 
region  of  the  head,  while  the  closing  in  of  the  groove  progreeaes  ifii 
more  slowly  toward  the  hinder  extremity  of  the  embryo.     The  medullj 
groove  is  by  no  means  of  uniform  diameter  throughout,  bat  even  befoi 
the  dorsal  laminae  have  united  over  it,  ia  seen  to  be  dilated  at  the  aal 
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rior  extremity  and  obscurely  divided  by  constrictions  into  the  three 
primary  cerebral  vesicles. 

The  purt  from  which  the  spinal  cord  is  formed  is  of  nearly  uniiorm 
calibre,  wliile  toward  the  posterior  extreniity 
ifi  a  lozenge-shaped  dilatation,  sinus  rhom- 
boidaliSf  which  is  the  Imi  part  to  close  iu 
(tig.  4G5). 

While  the  changes  which  have  been  de- 
scribed ikw  taking  place  in  the  area  pellu- 
cid a,  which  htis  enlarged  to  a  certain  extent, 
the  area  opaca  has  also  considerably  extended* 
The  hypoblast  and  mesoblast  have  also  been 
prolonged  laterally,  not  by  mere  extension, 
bnt  also  from  the  germinal  wall,  which  is 
made  np  of  the  thickonetl  edge  of  the  blasto- 
derm, together  with  formative  cells  of  the 
yolk;  on  each  side  of  tlie  notochord  and 
nnediilhiry  canal,  the  mesoblast  remaios  as  a 
longitudinal  thickening. 

It  now  however  splita  horizontally  into 
two  layers  or  lamina^  {parietal  and  risc^ral): 
of  these  the  former,  when  traced  ont  from 
the  central  axis,  is  seen  to  be  in  close  appo- 
sition with  the  epibhist,  and  gives  origin  to 
the  parte  tea  of  the  trunk,  while  the  latter 
adheres  more  or  less  closely  to  the  hypoblast, 
and  gives  rise  to  the  serous  and  muscolar 
walls  of  the  alimentary  canal  and  several 
other  parts. 

The  nuited  parietal  layer  of  the  mesoblast 
with  the  epi blast  is  termed  somatopleure, 
the  nnited  vi.^ceral  layer  and  h}7Jobljist, 
splaochnopleure.  The  s?pace  between  them 
is    the   pleuro-peritoneal    cavity,    which 

-  1   T    -1     1  1  1  i_  i-i-  opening  between   the   Hplanchno- 

hecomes  siibdi ruled  by  811  bsequ en t  partitions     pieure  foidi:  hb.   himi-iiraiD ; 

.     ^  .  ,*  .  ,  .,  MB,   mid-brain;    wr,   protoverte- 

into  pericardium,  plenra,  and  peritoneum. 

The  splitting  of  the  mesoblast  extends 
almost  to  the  medullary  canal,  but  a  portion 
on  either  side  (  P.  r.  fig.  4*18)  remains  undi- 
vided, the  vertebral  plate.  The  divided  portion  is  known  as  the  late- 
ral plate.  The  longitudinal  thickening  of  the  vertebral  plate  is  seen 
after  a  wiiile  to  be  divided  at  right  angles  to  the  medullary  canal  by 
bright  transverse  lines  into  a  number  of  square  segments.     These  eeg- 


„     -W?.— Embryo  chick  (88 
hours),  viewed  froiu  beDeath  a«  a 

?f,  oulUni*  of  LM'Uucid  ansa,  FB, 
ore-brain,  or  ilrst  cerebral  vehi- 
cle :  from  its  side«  project  op^  the 
optic  ve«icle;  no,  luickward  limit 
or  somRtoijleur*"  foliK  "tucked  in" 
under  head;  a,  bt/^adfold  of  inie 
amDtoo;  a\  redected  layer  of  mn- 
uiou.  stoiuetimee  tanned  "f&lap 
amnion ;"  stv,  bttckw«rd  Umit  of 
g|»lanekLio]^iletire  folds,  alonfir 
which  mn  the  omphalomefiar&ic 
TciriB  imltiD^  to  fomi  ft, the  heart, 
which  \ti  continued  forward  into 
to,  i\w  bulbus  otlerioBUfi;  d,  the 


fore-Kut,  lying  bebtnd  the  hearty 
and   navioK  »    ~^^       " 


wide     cr<*«c«*ntic 


in:    wr,   protoverte- 

^     .^       'hind  the   fore-gut; 

WW*,  line  of  jM net  inn  of  meduluiry 


htm    iyma    }>f4 


Tohla  and  of  not^x-hDrd;  t*pt,  ver- 
tebral plates;  pr^  the  prfraitiy© 
jCreHive  at  its  candal  end.  cFoster 
and  Balfour  J 
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ments,  whicli  are  the  surface  appeiiranee  of  cubes  of  mesoblBst,  are  the 
mesoblastic  somites  or  protovertebrse.  The  first  three  or  four  of 
the  protovertebrvT  make  their  appearance  in  the  cervical  region,  whife 
one  or  two  more  are  formed  in  front  of  this  point;  and  the  series » 
continued  backward  till  the  whole  medullary  canal  is  flanked  by  ihm 


Fifi.  40a— Tnuisrerae  section  throu|i:h  dorsal  regiou  of  embnro  chick  (4R  lirs.>.  On&  hAlfoltic 
■ectlon  Is  rPT)refM?nte<l ;  if  ootnpleted  it  would  ejct<>iirl  as  far  to  m«*  l*?ft  as  to  the  nirbt  of  tht  lb» 
of  the  miHlyJlary  canal  (Mc).  A,  epiblitst :  C,  hypoblant,  coDSistine  of  a  sini?!*?  lay^r  of  fiatt^nni 
cells:  Mc,  mt'Oullary  eanal ;  Pi\  pmUiv^rtt^hra ;  Wd,  Wolfflnn  auct;  SfK  soraatopleu/^;  .^. 
FDlanchnopieurs;  pp,  pleiiTo- peritoneal  cavity:  ch^  notochord;  ao^  dorsal  aorta,  coiitauuaf 
blcKKl  ct-lls;  t\  blood-vessels  of  the  yolk-sac.     CFcwter  and  Balfour. > 

(fig,  4tj7).  That  which  ia  first  formed  corresponds  to  the  second  cervi- 
cal vertebra.  From  these  somites  the  vertebrae  and  the  trunk  musda 
are  derived. 

Head  and  Tail  Folds.  Body  Cavittf, — Every  vertebrate  animal  con- 
Biats  essentially  of  a  longitudinal  axis  (vertebral  column)  with  a  ueunl 
canal  above  it,  and  a  body-cavity  (containing  the  alimentary  canal} 
beneath » 

We  have  seen  how  the  earlic^st  rudiments  of  the  central  axis  and  lb 
neural  canal  are  formed;  we  must  now  consider  how  the  general  body- 


Yr 


Fl|^,  409.— DlaRTamTnatlc  IdTifHtadlnal  flection  throiurh  the  axis  of  us  embtyo.    Tbe  1 
has  ooiiiiiif!>Qc^,  but  tbi^'  taibfold  haa  Dot  yet  ftppeored.     FSo^  fold   of  the  somatopleaL _ 
fold  of  the  splanchnopk'ure ;  the  Uoe  o?  referenoe,  Fm,  ties  outeide  the  embryo  in  Ihe* 
which  markB  off  the  overhaojaring  head  from  the  amnion ;    D,  tnaide  the  embryo^  Is  thL^  ^ 
which  Is  to  become  the  fon^^ifut:  Fto  and  F^,  are  both  parte  of  the  head -fold,  and  trt^l  toll 
left  of  the  a,^re  as  development  proee«id«:  pp,  fipace  between  somatopleure  and  splanchnopik — 
pleiiro- peritoneal  cavity;    Am,  conitnenelne  bead-fold  of  amoioti:  NO.  neural  canal:  Ch,  i 
chord ;  Ht,  heart ;  A,  B,  C,  epihtast,  mesoblaat,  hypoblast,     (Fo«ter  and  Balfour. ) 

cavity  is  developed.     In  the  earliest  stages  the  embryo  lies  flat  on 

surface  of  the  yolk,  and  is  not  clearly  marked  off  from  the  rest  of  tinl 
blastoderm :  but  gradually  the  head-fold  or  crescentic  depression  (withi 
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its  concavity  backward)  ia  formed  in  the  blustoderm,  limiting  the  head 
of  the  enibryo;  th^  bliiatotlerm  is,  aa  it  were,  tucked  in  under  th©  head, 
which  thug  comes  to  project  above  the  getieral  surface  of  the  membrane: 
a  similar  tucking  in  of  bhistoderm  takes  place  at  the  caudal  extremity, 
and  thujs  the  head  and  tail  folds  ore  fonned. 

Similar  depressions  mark  off  the  embryo  laterally,  until  it  is  com- 
pletely surrounded  by  a  sort  of  moat  which  it  overhangs  on  all  sides,  and 
which  clearly  defines  it  from  the  yolk. 

This  moat  runs  in  further  and  further  all  round  beneath  the  over- 
hanging embryo,  till  the  latter  comes  to  resemble  a  canoe  turned  upside- 


Fig.  470.— Dtftfrramniatlc  aectfoQ  showlnsr  ttt**  relati*»n  in  a  mammal  betweea  the  prfrnttlve 
alimeatary  canal  and  the  nie^mbranes  of  th**  ovyrn.  Th**  Htngf  ri'prf«entc<l  in  this  diagram  cor- 
TOipoiula  u>  that  of  the  flfteeutii  or  s^nentA^enth  day  \n  the  humnn  i-mbryo,  previous  to  the  ex- 
paosiOQ  of  the  aUautolit;  r.  th<^  viUouR  chorion;  a.  the  mimlou:  <i',  the  pl»oe  of  ooovergence  of 
the  amitioD  and  rt-fliM^tion  of  thefftls*"  anioion  n*  a\  or  oiit«T  or  n^omt^ius  layer;  *,  the  livad  and 
trunk  f»f  the  einbrj'o»  coriiprisinK  thi^  primatSvo  vert#*brn*  ami  f>TH]»ro-s:pinaI  axis;  i,  t.  the  simple 
aliaientary  eanal  in  itn  upp^r  and  lower  portions.  lumuMliat'^ly  t>frEt*rith  the  rig'ht  bAod  i  is 
sefn  the  ftj*tal  heart,  lyinp  in  the  anterior  part  of  the  plenro-jM  i  '       vity;  r,  the  jolk-«ac 

or  lunbilical  vesicle;  i-  i.  the  vlttdlo-int«:^tinAl  op**ninR;  u»  the   «  nnected  by  a  pediclfi 

with  the  anal  purtloo  of  tlio  alimentary  eanal.     (<iualn.) 


down,  the  ends  and  middle  beiup^,  as  it  were,  decked  in  by  the  folding 
or  tucking  in  of  the  blastoderm,  while  on  the  ventral  surface  there  is 
still  a  large  communication  with  the  yolk,  corresponding  to  the  well  oi 
undecked  portion  of  the  canoe. 

This  communication  between  the  embryo  and  the  yolk  is  gradually 
contracted  by  the  further  tucking  in  of  the  blastoderm  from  ail  sides, 
till  it  becomes  narrowed  down,  as  by  an  invisible  constricting  baud,  to 
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a  mere  pedicle  which  passes  oat  of  the  body  of  the  embryo  at  the  point 
of  the  future  umbilicus. 

The  downwardly  folded  portions  of  blastoderm  are  termed  the  vis- 
ceral plates. 

Thus  we  see  that  the  body-cavity  is  formed  by  the  downward  folding 
of  the  visceral  plates,  just  as  the  neural  cavity  is  produced  by  the  up- 
ward growth  of  the  dorsal  laminae,  the  difference  being  that,  in  the  vis- 
ceral or  ventral  laminae,  all  three  layers  of  the  blastoderm  are  concerned. 

The  folding  in  of  the  splanchnopleure,  lined  by  hypoblast,  pincheg 
off,  as  it  were,  a  portion  of  the  yelk-sac,  inclosing  it  in  the  body-cavity. 
This  forms  the  rudiment  of  the  alimentary  canal,  which  at  this  period 
ends  blindly  toward  the  head  and  tail,  while  in  the  centre  it  communi- 
cates freely  with  the  cavity  of  the  yolk-sac  through  the  canal  termed 
vitelline  or  omphalo-mesenteric  duct. 

The  yolk-sac  thus  becomes  divided  into  two  portions  which  communi- 
cate through  the  vitelline  duct,  that  portion  within  the  body  giving 


Fig.  47 


Fij?s.  471,  472  and  473.— DiaRrams  Bhowinpr  three  successive  stacres  of  development.  Trans- 
verse vertical  stations.  The  yolk-Bac,  ys.  is  seen  progressively  diminishing  in  sire.  In  the 
embryo  itself  the  medullary  canal  and  notochord  are  seen  in  section,  a',  in  middle  figure,  the 
alimentary  canal.  Incoming  pinched  off,  as  it  were,  from  the  yolk-sac;  a'  in  right-band  figure, 
alimentarj^  canal  completely  closed ;  a.  in  last  two  figures,  amnion ;  ac,  cavity  of  amnion  filled 
with  amniotic  fltiid;  jm,  space  between  amnion  and  chorion  continuous  with  "the  pl*»uro-writo- 
neal  cavity  inside  the  bo<ly;  vt.  vitelline  membrane;  ys,  yolk-sac,  or  imibilical  vesicle.  CFci6t€r 
and  Balfour.) 


rise,  as  above  stated,  to  the  digestive  canal,  and  that  outside  the  body 
remaining  for  some  time  as  the  umbilical  veswie  {Qg.  473,  t/s.).  The 
hypoblast  forming  the  epithelium  of  the  intestine  is  of  course  continnons 
witli  the  lining  membrane  of  the  umbilical  vesicle,  while  the  visceral 
plate  of  tlie  mesoblast  is  continuous  with  the  outer  layer  of  the  umbilicjil 
vesicle. 

AH  the  above  details  will  be  clear  on  reference  to  the  accompanying 
diagrams. 

At  the  posterior  end  of  the  embryo  chick,  when  the  amniotic  fold  is 
commencing  to  bo  formed,  and  the  hind  fold  of  the  splanchnopleure  has 
commenced,  there  remains  for  a  time  a  communication  between  the 
neural  canal  and  the  hind  gut,  which  is  called  the  neurenteric  canal. 
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It  passes  in  at  tbes  point  where  the  notochord  falls  into  the  primitive 
streak.  The  anterior  part  of  the  primitive  streak  becomes  the  tail 
Bwelling,  the  posterior  part  atrophies,  and  the  correspondiug  lateral 
part  of  the  blaatt>derm  forms  part  of  the  body- wall  of  tlie  embryo. 

The  anterior  part  of  the  medullary  canal  having  been  completely 
roofed  in,  the  foremast  portion  undergoes  dilatation,  and  a  bulb,  the 
first  or  anterior  cerebral  vesicle,  results.  From  either  side  of  this 
dilatation  u  process^  the  cavity  of  which  is  in  communication  with  it, 
is  separated  off,  which  is  called  the  optic  vesicle. 

Behind  the  first  cerebral  vesicle  two  other  vesicles  now  arise,  the 
second  or  middle,  and  the  third  or  posterior  cerebral  vesicle,  and 
at  the  posterior  part  of  the  head  two  small  pits,  the  auditory  vesicles 
or  pits,  are  to  be  seen.  The  folding  of  the  head,  it  should  be  recol- 
lected, is  the  cause  of  the  inclosure  b<*low  the  neural  canal  (fig.  40C»)  of 
a  canal  ending  blindly,  which  has  in  front  the  splanchnopleure,  and 
which  is  just  as  long  as  the  involution  of  that  membrane.  This  canal 
is  the  fore-gut,  lu  the  interior  of  the  splanchnopleure  fold  below  it 
(as  seen  in  fig.  409)  in  the  pleuro-peritoneal  cavity  the  heart  is  formed, 
%t  the  point  where  the  splanchnopleure  makes  its  turn  forward.  It 
ifiBea  as  a  thickening  of  the  mesobhist  on  either  side  as  the  two  splanchno- 
t)leure  folds  diverge,  and  of  a  thickening  of  the  mesoblaat  at  the  point 
of  divergence.  So  that  at  first  the  rudiment  of  the  heart  is  like  an 
inverted  V,  which  by  the  gradual  coming  together  of  the  diverging 
eords  is  converted  into  an  inverted  Y, 

The  cylinders  become  hollowed  ont,  and  are  thus  converted  into 
tnhes,  which  then  coalesce.  Layers  are  separated  off  toward  the  interior, 
which  become  the  epithelial  lining,  and  the  mass  of  the  mesobhist  but- 
rounding  this,  afterward  form  the  muscle  and  serous  covering,  while  at 
first  the  rudimentary  organ  is  attached  to  the  gut  by  a  mesoblastic  mes- 
entery, the  mesocardium. 


YtmAL  Membranes. 


I         Umbilical  Vesicle  {rolk'sac). — The  splanchnopleure,  lined  by  by- 
'    pohlast,  fnrms  the  yolk-sac  in  reptiles,  birds,  and  mammals;    but  in 

amphibia  and  fishes,  since  there  is  neither  amnion  nor  ailanfoisy  the  wall 
ft  of  the  yolk-sac  consists  of  all  three  layers  of  the  blastoderm,  inclosed;  of 
■    course,  by  the  original  vitelline  membrane. 

The  body  of  the  embryo  becomes  in  great  measure  detached  from 

the  yolk-sac  or  umbilical  vesicle,  which  contains,  however,  the  greater 

fpart  of  the  substance  of  the  yolk,  and  furnishes  a  source  whence  nutri- 
ment is  derived  for  the  embryo.  This  nutriment  is  absorbed  by  the 
numerous  vessels  (omphalo-mcsenterie)  which  ramify  in  the  walls  of  the 
yolk-sac,  forming  what  in  birds  is  termed  the  area  vasculosa.     In 
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birds,  the  contend  of  t)ie  yolk-sac  afford  nouriahment  until  the  end  of  , 
incubation,  and  tbe  oniphalo-mesenteric  vessels  arc  developed  to  a  cone- 
sponding  degree;  but  in  marainalia  the  office  of  tbo  umbilical  fttick 
ceases  at  a  very  early  period,  aa  the  quantity  of  the  yolk  is  small,  sod 
the  embryo  soon  becomes  independent  of  it  by  the  connections  it  form 
with  tlie  parent.  Moreover,  in  birds  as  the  sac  is  emptied,  it  is  gradu- 
ally dra^vu  into  the  abdomen  through  the  umbilical  opening,  which  thea 


Fig.  474,  Fljf.  475. 

FiR-.  474.  —Diagram  showttij;  TOAciilar  area  In  the  chick,    a,  area  pellucid* ;  &» 
€,  area  vitcUina. 

Fig.  475.— Hiimiuiombn.-o  of  fifth  wc^'k  with  iimbilicat  vesicle;  aboctt  natural  mhus.    (T^ttxn  ' 
The  hurimii  urabUical  vesicle  ner^r  t^xct^ods  the  size  of  a  nmall  poa. 

closes  over  it:  but  in  mammalia  it  always  remains  on  the  outside;  and 
as  it  ia  emptied  it  contracts  (fig.  473) ^  shrivels  up,  and  together  with 
the  part  of  its  duct  erterual  to  the  abdomen,  is  detached  and  disappean, 
either  before  or  at  the  termiTifttion  of  intra-uterine  life,  the  period  uf 
its  disappearance  varying  in  different  orders  of  mammalia. 

When  blood-vessels  begin  to  be  developed,  they  ramify  largely  over 
the  walls  of  the  uuibilical  vesicle,  and  are  actively  concerned  in  absorb- 
in;^^  its  contents  and  conveying  thera  away  for  the  nutrition  of 
embryo. 

At  an  early  stage  of  development  of  the  foetus,  and  some  time  bef 
the  completion  of  the  changes  wliich  have  been  just  described,  two  im- 
portant structures,  called  respectively  the  amnion  and  the  allaniou^  begiftl 
to  be  formed.  , 

Amnion.— The  amnion  is  produced  as  follows: — Beyond  the  heiui- , 
and  tail-folds  before  described  (p.  744),  the  somatopleure  coated  by  epi- 
blast,  is  raised  into  folds,  which  grow  up,  arching  over  the  embryo,  not] 
only  anteriorly  and  posteriorly   but  also  laterally^   and  all    convergmgj 
toward  one  point  over  its  dorsal  surface  (fig.  476).     The  growing  up « 
these  folds  from  all  sides  and  their  convergence  toward  one  point  very' 
closely  resembles    the  folding  inward  of  the  visceral  plates  already  de- 
scribed, and  hence,  by  some,   the  point  at  which  the  amniotic  folds 
meet  over  the  liack  has  been  termed  tbe  (unuiiuiic  iiinhiUcus. 

The  folda  not  only  come  into  contact  but  coalesce.     The  inner 
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tbe  two  layers  forms  the  ir^ic  amnimi^  while  tbe  outer  or  reflected  layer, 
sometimes  termetl  tlit?  fahe  amnwn^  coalesces  with  tlie  inner  surface  of 
the  original  vitelline  membriine  to  form  the  subzonal  membrane  or 
false  chorion,  Tliis  growth  of  the  amniotic  foiila  must  of  course  be 
clearly  distinguished  from  the  very  similar  process,  already  described,  by 
whiclj  at  a  much  earlier  stage  the  w^alls  of  the  neural  caoal  are  formed. 

The  cavity  between  the  trae  amnion  and  tbe  external  surface  of  the 
embryo  becomes  a  closed  space,  termed  the  amniotic  cavity  (ac^  fig.  473)* 

At  first,  the  amnion  closely  invests  the  embryo,  but  it  becomes  grad- 
ually  distended  with  fiuid  {liquor  amnii),  which,  as  pregnancy  advances, 
reaches  a  considerable  tjuuntity. 

This  fluid  consists  of  water  containing  small  quantities  of  albumen 
and  urea.  Its  chief  function  during  gestation  apjiears  to  be  the  me- 
chanical one  of  alfording  efiual  support  to  the  embryo  on  all  sides,  and 
of  protecting  it  iis  far  as  possible  from  the  effects  of  blows  and  other 
injuries  to  the  abdomen  of  the  mother. 

The  cmbr3*o  up  to  the  end  of  pregnancy  is  thus  immersed  in  fluid, 
which  during  parturition  serves  the  important  purpose  of  gradually  and 
evenly  dilating  the  neck  of  the  uterus  to  allow  of  the  passage  of  the  foetus: 
when  this  is  accomplished  the  amniotic  sac  bursts,  and  the  waters  escape. 

On  referring  to  figs.  471,  472  and  473,  it  will  be  obvious  that  the 
cavity  outside  the  amnion,  between  it  and  the  false  amnion,  is  continu- 
ous with  the  pleuro- peritoneal  cavity  at  the  umbilicus.  This  cavity  is 
not  entirely  obiiterated  even  at  birth,  and  contains  a  small  quantity  tf 
fluid,  w^hich  is  discharged  during  parturition  either  before,  or  at  the 
same  time  as  tlie  amniotic  fluid. 

Allantois. — Into  the  pleuro- peritoneal  space  the  allantois  sprouts 
out,  its  formation  commencing  during  the  development  of  the  amnion. 

Growing  out  from  or  near  the  hinder  portion  of  the  intestinal  canal 
(Cj  fig,  47ti),  %vith  which  it  communicates,  the  allantois  is  at  first  a  solid 
pear-shaped  mass  of  splanchnopleure ;  but  becoming  vesicular  by  the 
projection  into  it  of  a  hollow  outgrowth  of  hypoblast,  and  very  soon 
simply  membraneous  and  vascular,  it  inainuates  itself  between  the  amni- 
otic folds,  just  described,  and  comes  into  close  contact  and  union  with 
the  outer  of  the  two  folds,  which  has  itself,  as  before  said,  become  one 
with  the  external  investing  membrane  of  the  egg.  As  it  growg^  the 
allantoia  develops  mnacnlar  tissue  in  its  external  wall  and  becomes  ex- 
ceedingly vascular;  in  birds  (fig.  477)  it  envelops  the  whole  embryo — 
taking  up  vessels,  so  to  speak,  to  the  outer  iu vesting  membrane  of  the 
egg^  and  lining  the  inner  surface  of  the  shell  with  a  vascular  membrane, 
by  these  means  affording  an  extensive  surface  in  which  the  lilood  may 
be  aerated.  In  the  human  subject  and  in  other  mammalia,  the  vessels 
carried  out  by  the  allantois  are  distributed  only  to  a  special  part  of  the 
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outer  membrane  or  false  chorio?i^  where,  by  interlacement  with  the  fm- , 
cular  system  of  the  mother,  a  structure  called  the  placenta  is  developet 
Iti  mummalia,  as  the  visceral  lamliiaB  close  in  the  abdominal  ca?itj, 
the  uUantois  is  thereby  divided  at  the  umbilicus  into  two  portions;  ihi 
outer  part,  extending  from  the  umbilicus  to  the  cftorioHj  soon  ehrivelling; 
while  the  inner  part  remaining  in  the  abdomen,  is  in  part  converted  into 
the  urinary  bladder;  the  portion  of  the  inner  part  not  so  converted, 
extending  from  the  bladder  to  the  umbilicus,  under  the  name  of  the 
urackm*  After  birth  the  umbilical  cord,  and  with  it  the  external  and 
shrivelled  portion  of  the  allantois,  are  cast  off  at  the  umbilicns,  whilt 
the  urffckiis  remains  as  an  impervious  cord  stretched  from  the  top  of ' 
the  urinary  bladder  to  the  umbilicus,  in  the  middle  line  of  the  bodj, 


Fig-  m. 


Fig.  *r 


Fig.  476.— Dl&frrani  of  fi?ciiiidat«^  egg.    a>  unablUcAl  TMlcle;  b^  amniotic  cavit^^;  c,  aUaatob. 

CB&ItOD.) 

Fig.  477,— Ft'cundat^  ofsg  with  aUantois  ueorlj  complete,  a,  inner  layer  of  ajuniotic  (oM; 
b,  outer  layer  of  ditto;  r.  point  when?  tkf*  atnniDtic  folds  come  In  eoDtoct.  Ttu;  altaxnttiif  b 
aenen  ixmetratin||ir  l>etwefji  the  outtT  and  ioiier  layers  of  the  amniotie  folds.  Tills  flfure,  vbid^ 
repri*aeat»  only  the  amniotic  folds  and  the  part8  within  them,  should  be  conapared  witb  1^ 
4Tfl,  479,  in  which  will  be  foimd  the  structurea  external  to  these  folds.     CDaltoo^> 

immediately  beneath  tlie  parietal  layer  of  the  peritoneum.     It  is  some- 
times enumerated  among  the  ligaments  of  the  bladder. 

It  must  not  be  supposed  that  the  phenomena  which  have  been  suc- 
cessively described,  occur  in  any  regular  order  one  after  another,  Ob 
tlie  contrary,  the  development  of  one  part  is  going  on  side  by  side  with 
that  of  another. 

The  Chorion. — ^It  has  been  already  remarked  that  the  allantois  ii 
a  structure  which  extends  from  the  body  of  the  foetus  to  the  outer  in- 
vesting membrane  of  the  ovum,  that  it  insinuates  itself  between  the  two 
layers  of  the  amniotic  fold,  and  becomes  fused  with  the  outer  taycf, 
which  hfia  itself  become  previously  joined  with  the  vitelline  membrane. 
By  these  means  the  external  investing  membrane  of  the  ovum,  or  the 
true  chorion,  as  it  is  now  called,  represents  three  layers,  namely,  tht 
original  vitelline  membrane,  the  outer  layer  of  the  amniotic  fold,  ani 
the  allantois. 

Very  soon  after  the  entrance  of  the  ovum  into  the  uterus,  in  tte 
human  aubject,  the  outer  surface  of  the  chorion  is  found  beset  with  fine 
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the  so-called  chormt  villi  {a^  figs.  478,  479)^  which  give  it 
a  rough  and  shaggy  appearance.     At  first  only  cellular  lustructurt;,  these 
llittle  outgrowths  aubsequently  become  vascular  by  the  development  in 


FiiF.  4m 


F1ff.4T9, 


Fiprs.  478  ftod  479.— a,  chorion  with  tUIL     The  vUU  ore  ihown  t*i  be  be«t  developed   in  the 
f-pATtof   the  choHoD  to  which  the  al  Ian  bo  Is  Ja  extendlajf ;  this  portion  ultlcnat«lf  become*!  the 

Eiacenta;  b,  space  between  the  two  layers  of  the  amnion;  c,  luimi otic  cavity;  d,  «itiuitiouof  the 
iteaitiDe,  showing'  itii  connection  with  the  mnhilleal  vesicle;  c»  umhIUcaJ  vesicle;/,  BiUiatlon  of 
.        heAitaod  Teasels;  g,  allantoifi. 

Bthem  of  loops  of  capillaries  (fig.  480) ;  and  the  latter  at  length  form  the 
minute  extremities  of  the  blood- veesels  which  are,  so  to  speak,  conducted 
from  the  foetus  to  the  chorion  by  the  allantois.     The  function  of  the 

,      villi  of  the  chorion  is  evidently  the  absorption  of  nutrient  matter  for 

Pthe  fcetus;  and  this  is  probably  aiipplied  to  them  at  first  from  the  fiuid 
matter,  secreted  by  the  follicular  glands  of  the  uterus,  in  which  they 
are  soaked.  Soon,  however,  the  fcetal  vessels  of  the  villi  come  into 
more  intimate  relation  with  the  vessels  of  the 

^^^gms.     The  part  at  whicli  this  relation  between 

^^01  vessels  of  the  fo?tns  and  those  of  the  parent 

^Jensues,  is  not,  however,  over  the  whole  surface  of 

"the  chorion;  for,  although  all  the  villi  become 
vascular,  yet  they  become  indistinct  or  disappear 
except  at  one  part  where  they  are  greatly  devel- 
oped, and  by  their  branching  give  rise,  with  the 
vessels  of  the  uterus,   to  the  formation   of   the 

To  understand  the  manner  in  which  the  fmtal 
and  matcrmtJ  blood-vessels  come  into  relation 
with  each  other  in  the  placenta,  it  is  necessary 
briefly  to  notice  the  changes  which  the  uterus  undergoes  after  impreg- 
nation.  These  changes  consist  especial ly  of  alterations  in  structure  of 
the  superficial  part  of  the  mucons  membrane  which  lines  the  interior  of 
the  uterus,  and  which  forms,  after  a  kind  of  development  to  be  imme- 


Fig,  48(X 
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diately  described^  the  membrana  decidua^  so  called  on  a^cx)aBt  of  iu 
being  discharged  from  the  uterus  at  birth. 

Formation  of  the  Placenta, 

The  mucous  membrane  of  the  human  uterus,  which  consists  of  a 
matrix  of  connective  tissue  containing  numerous  corpuscles,  and  is  hned 
ioternally  by  columnar  ciliated  epithelium,   is  abundantly  beset  with  ' 
tubular  glands,  arranged  perpendicularly  to  the  surface  (fig-  481).    Tbeni 


rig.  481. --Section  of  the  lining  niembrant*  of  a  htmtan  uterus  at  the  p«iod  of  eonuMO 
precrnaiicy  showing  the  arTaii|;:Hment  and  othi^r  ptMLntllaritics  of  the  glands,  d.  d^  (f,  villi  I 
ormccts,  a,  a,  a^  on  the  Internal  surfaotii  of  the  organ.     Twice  the  natural  size. 

follicles  are  rery  small  iu  the  unimpregiiated  uterus;  but  when  exaniioed 
shortly  after  impregnation,  they  are  found  elongated,  enlarged,  and 
much  waved  and  contorted  toward  their  deep  and  closed  extreinit?, 
which  is  planted  at  some  depth  in  the  tissue  of  the  uterus^  and  nuj 
dilate  into  two  or  three  closed  sacculi. 

The  glands  are  lined  by  columnar  ( (?)  ciliated)  epithelium  and  they 
open  on  the  inner  surface  of  the  mucous  membrane  by  small  round  ori- 
fices set  closely  together  {a^  /7,  fig.  481). 

On  the  internal  surface  of  the  mucous  membrane  may  be  seen  tht 
circular  orifices  of  the  glands,  many  of  which  are,  in  the  early  period  of 
pregnancy,  surrounded  by  a  whitish  ring,  formed  of  the  epithehum 
which  lines  the  follicles. 

Coincidently  with  the  occurrence  of  pregnancy,  important  cli 
occur  in  the  structure  of  the  mucous  membrane  of  the  uterus, 
epithelium  and  sub-epithelial  connective  tissue,  together  with  the  i 
lar  glands,  increase  rapidly,  and  there  is  a  greatly  increased  vascokritT^ 
of  the  whole  mucous  membrane,  the  vessels  of  the  mucous  membrane 
becoming  larger  and  more  numerous;  while  a  substance  composed  chiefly 
of  nucleated  cells  fills  up  the  interfollicular  spaces  in  which  the  bloodJ 
vessels  are  contained.  The  effect  of  these  changes  is  an  increased  thick* 
nes,  softness,  and  vascularity  of  tlie  mucous  membrane,  the  Buperficiil 
part  of  which  itself  forma  the  membrana  decidua. 

The  object  of  this  increased  development  seems  to  be  the  productioaj 
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►f  nutritive  materiala  for  the  ovum;  for  the  cavity  of  the  uterus  shortly 
leeomea  filled  with  secreted  tluitl,  consisting  almost  entirely  of  nucleated 
rils  in  which  the  chorion  villi  are  imhedded. 

When  the  ovum  hrst  enters  the  uterus  it  becomes  imbedded  in  the 

aaicture  of  the  decidua»  which  ia  yet  quite  soft»  and  in  which  soon 

fterward  three  portions  are  distinguishable.     These  have  been  named 

le  deeidftfi  vera^  tlie  deridtia  reflexrt^  and  the  decidua  serotina, 

k     The  first  of  these*  the  decidua  vera*  lines  the  cavity  of  the  utema; 

lie  second,  or  decidua  reflexa,  is  a  part  of  the  decidua  vera  which  grows 

ip  around  the  ovum,   and  wrapping   it   closely,  forms  its  immediate 

^vestment, 

I  The  third,  or  decidua  serotina,  is  the  part  of  the  decidua  vera  which 
►ecomes  especially  developed  in  connection  with  those  villi  of  the  eho- 
ion,  which,  instead  of  disappearing,  remain  to  form  the  foetal  part  of 
he  placenta. 

In  counectiou  with  these  villous  processes  of  the  chorion,  there  are 
leveloped  depressions  or  cr^pis  in  the  decidual  mucous  membrane,  which 
sorrespond  in  shape  with  the  villi  they  are  to  lodge;  and  thus  the  chori- 
mic  villi  become  more  or  less  imbedded  in  the  maternal  structures. 


Fig.  48S.  —  Dia^^tftM  of  an  earljr  sUiLge  of  the  fonnAtlon  of  the  human  plaoeota.  a,  embryos 
K  aronlon;  c,  placental  vessels;  d,  decidua  refiexa;  e,  alhmtofa;  /,  plac^tal  viiU;  g,  mucous 
nembrane.     cCatUat.  > 

These  uterine  crypts,  it  is  important  to  note,  are  not,  as  was  once  sup- 
xjsed,  merely  the  open  mouths  of  the  uterine  follicles. 

As  the  ovum  increases  in  size^  the  decidua  vera  and  the  decidua 
■eflexa  gradually  come  into  contact,  and  in  the  third  month  of  preg- 
lancy  the  cavity  between  them  has  almost  disappeared.  Though  the 
;wo  layers  come  into  contact  at  the  third  month,  they  are  not  closely 
imalgamated  until  the  end  of  the  sixth  month. 

The  Placeata,— During  these  changes  the  deeper  part  of  the  mn- 
48 
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C0U8  membrane  of  the  uterus,  at  and  near  the  region  where  the  pi 
is  placed,  becomes  hollowed  out  by  aiuuaea,  or  cavernous  spaces,  WH 
commimicate  ou  the  one  hand  with  arteries  and  on  the  other  with  feim 
of  the  uterus.  Into  these  sinuses  the  villi  of  the  chorion  protniilc» 
pushing  the  thin  wall  of  the  sinus  before  them,  and  so  come  into  inti- 
mate relation  with  the  blood  contained  in  them.  There  w  na  dir 
communimiion  between  the  blmd-vcMeh  of  the  mother  and  thawi  ijf  tk 
fmtus;  but  the  layer  or  layers  of  membrane  intervening  betwaeti 


Fie.  461— nfagnumniLtlc  view  of  a  vprtlcal  tmnsvrnip  MCtloo  of  the  ut4>nM  «t  || 
or  eifirnth  w«ek  of  preiroaiicy.    c,  c.  r',  c&vity  of  utenia,  which  htvomes  th**    «,-•*•     *  tl 
I  opetiTti^  at  e,  c,  the  cornu».  Into  the  FaUopiati   tiibe«,  and  at  c'   Intotlj-  tlv  <»«»li, 

Wnlch  tf^clotecl  by  a  plug  of  mucuK;  ti  \\  decidua  v*Ta;  d  r,   dfoidua  t^  '  Usp  Aaar 

▼UU  imbtxlded  In  Its  mibdt&uct* r  d  «,  decldtm  serorJna,  involving  thrt  tn^r^  ,,.  ^.  .s,,.m|  cilofl^*^ 
rfUi  of  tiie  commecieiafir  pluct^nui,  Tfit*  fit^tus  i»fii'<pEi  lylD«r  Id  tm*  amniotiv  »««?:  immtltti^^m9pm 
ibeimibilicuB  is  seen  th«uuibilfeal  cord  and  its  Ti*Hc»dfi,  tubtting  tothfir  distrltnitioii  |i  fltilB 
of  the  chorion ;  also  the  pedicle  ol  the  yolk-sac,  which  lies  tu  the  carltj  bvCweott  lh»  c^rilB 
and  chorion.     (Allen  Thooiaoa.) 


blood  of  the  one  and  of  the  other  offer  no  obstacle  to  a  free  \nX 
of  matters  between  them  by  diffusion  and  osmosis.  Thus  the  Tilli  of  iW 
chorion  containing  fo'tal  blood,  are  bathed  or  soaked  in  muterriAl  btood 
contained  in  the  uterine  Binuses,  The  arrangement  nuij  be  rtm^ti^ 
compared  to  filling  a  glove  with  fa*tal  blood,  and  dipping  ita  fliigm 
into  a  vessel  containing  maternal  blood.  But  in  the  foetal  villi  Ifaeiv  k% 
constant  stream  of  blood  into  and  out  of  the  loop  of  capillary  blood>f 
contained  in  it,  as  there  is  also  into  and  out  of  the  maternal  nnitftst. 


J 


DEVELOPMENT. 


788 


It  would  seem  that,  at  the  villi  of  the  placental  tufts,  where  the 

IcBtal  and  maternal  portions  of  the  placenta  are  brought  into  close  rela- 

ion   with   each   other,    the   blood    in    the  vessels   of   the    mother 

Bparated  from  that  in  the  vessels  of  the  fnHus  by  the  intervention 

ro  distinct  sets  of  nucleated  cells  (tig,  484).     One  of  these  {b)  belon] 

the  maternal  portion  of  the  placenta,  is  placed  between  the  membrane 

if  the  villus  and  that  of  the  vascular  system  of  the  mother,  and  is  prob- 

ibly  designed  to  separate  from   the  blood  of  the  parent  the  materials 

lestined  for  the  blood  of  the  fa^tus;  the  other  {/)  belongs  to  the  faHal 

portion  of  the  placenta,  is  situated  between  the  membrane  of  the  villuB 

ad  the  loop  of  vessels  contained  within,  and  probably  »erves  for  the 

Ibsorption  of  the  material  secreted  by  the  other  sets  of  cells,  and  for  its 

Dnveyance  into  the  blood-vessels  of  the  fa4us.     Between  the  two  sets  of 

elk  with  their  investing  membrane  there  exists  a  space  (rf),  into  which 

it  is  possible  that  the  materials  secreted  by  the  one  set  of  c^Us  of  the 

Irilbs  are  poured  in  order  that  they  may  be  absorbed  by  the  other  set, 

[pnd  thus  conveyed  into  a  foetal  vessel. 

Not  only,  however,  is  there  a  passage  of  materials  from  the  blood  of 
the  mother  into  that  of  the  foetus,  but  there  it^  a  mutual  interchange  of 


la- 

I 


Fig.  484.— Extremity  of  a  pliic*>ntal  villuB.     a,  lining  nn-tnbraiie  of  the  roscular  sjitein  of 

>  mother;  b,  ct*ll»  imme<tiat«iy  liniriK  «;  d,  space  ijftween  the  maternal  lujcj  fwtal  portions  of 

>  TiUuH;  r,  intemai  uif^mbraoe  of  tb«  viUiia.  or  external  membrane  of  the  chorion;  /,  tDtemal 
'loC  the  villus,  or  wlia  of  the  chorion;  g,  loop  of  latnbilicAl  vessels.     lOoodsir/) 

eriala  between  the  blood  both  of  fcPtuB  and  of  parent;  the  latter  sup- 
flying  the  former  with  nutriment,   and  in  turn  abstracting  from  it  j 
materials  which  require  to  be  removed.  V 

The  placenta,    therefore,   of  the  hnman  subject  is  composed  of  a 

fwlal  part  and  a  maierNal  part, — the  term  placental  properly  including 

II  that  entanglement  of  fcetal  villi  and  maternal  sinuses,  by  means  of 

rhich  the  blood  of  the  foptua  is  enriched  and  purified  after  the  fashion 

eceasary  for  the  proper  growth  and  development  of  those  parts  which 

|t  is  designed  to  nourish* 

The  whole  of  this  structure  is  not,  as  might  be  imagined,  thrown 
*off  immediatelv  after  birth.     The  greater  part,  indeed,  comes  away  at 
that  time,  as  the  (rfier-birth ;  and  the  separation  of  this  portion  takes 
place  by  a  rending  or  crushing  through  of  that  part  at  which  its  cohe- 
sion is  least  strong,  namely,  where  it  is  most  burrowed  and  undermined 
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by  the  cavernous  spaces  before  referred  to.  In  this  way  it  is  cast  oj 
with  the  foetal  membrane  and  the  decidua  vera  and  reflexa,  together 
with  a  part  of  the  decidua  serotina.  The  remaining  portion  withers, 
and  disappears  by  being  gradually  either  'absorbed,  or  thrown  off  in  dte 
uterine  discharges  or  the  lochia^  which  occur  at  this  period. 

A  new  mucous  membrane  is  of  course  gradually  developed,  as  the 
old  one,  by  its  transformation  into  the  decidua,  ceases  to  perform  its 
original  functions. 

The  umbilical  cord^  which  in  the  latter  part  of  foetal  life  is  almost 
solely  composed  of  the  two  arteries  and  the  single  vein  which  respectiyelj 
convey  foetal  blood  to  and  from  the  placenta,  contains  the  remnanti  of 
other  structures  which  in  the  early  stages  of  the  development  of  the 
embryo  were,  as  already  related,  of  great  comparative  importance.  Thna, 
in  early  foetal  life,  it  is  composed  of  the  following  parts : — (1. )  Extemallj, 
a  layer  of  the  amnion,  reflected  over  it  from  the  umbilicus.  (2)  The  um- 
bilical vesicle  with  its  duct  and  appertaining  omphalo-mesenteric  blood 
vessels.  (3.)  The  remains  of  the  allantois,  and  continuous  with  it  the 
urachus.  (4.) The  umbilical  vessels,  which,  as  just  remarked,  ultimatelj 
form  the  greater  part  of  the  cord. 

The  Development  of  the  Organs. 

Before  considering  very  briefly*  the  main  points  in  the  development 
of  the  chief  organs  and  tissues  of  the  body,  it  will  be  useful  to  have 
before  us  the  following  table,  compiled  by  Schiifer,!  showing  the  differ- 
ent parts  derived  from  the  three  blastodermic  layers: — 

From  the  Epihlast, — The  whole  of  the  nervous  system,  including 
not  only  the  central  organs  (brain  and  spinal  cord),  but  also  the  peri- 
pheral nerves  and  sympathetic. 

The  epithelial  structures  of  the  organs  of  special  sense. 

The  epidermis  and  its  appendages,  including  the  hair  and  nails. 

The  epithelium  of  all  the  glands  opening  upon  the  surface  of  the 
skin,  including  the  mammary  glands,  the  sweat  glands  and  the  sebaceous 
glands.     The  muscular  fibres  of  the  sweat  glands. 

The  epithelium  of  the  mouth  (except  that  covering  the  tongue,  and 
the  adjacent  posterior  part  of  the  floor  of  the  mouth,  which  is  derived 
from  the  hypoblast),  and  that  of  the  glands  opening  into  it. 

The  enamel  of  the  teeth. 

The  epithelium  of  the  nasal  passages,  of  the  adjacent  upper  part  of  the 
pharynx  and  of  all  the  cavities  and  glands  opening  into  the  nasal  pas- 
sages. 

_^ ^ a 

*  For  a  more  detailed  account  the  reader  is  referred  to  special  text-books  of 
embryolop^\ 

t  Quain's  Anatomy,  Xth  Ed.,  Vol.  I.,  Part  I.,  p.  25. 


From  the  Mt^soblmf, — The  uriniiryiinil  generative  organs  (except  the 
epitheiitim  of  the  iiriimry  bladder  and  urethni). 

All  the  valnntary  and  iuvolimtary  muscles  of  the  body  (except  the 
musfiilar  fibres  of  tlie  sweat  glsinds). 

The  whole  of  the  vtiseular  and  lytophatic  system,  including  the 
serous  membranes  and  spleen. 

The  skeleton  and  all  the  eonnective  tissues  and  structures  of  the  body. 

From  the  HypMast. — The  epithelium  of  the  alimentary  canal  from 
the  back  of  the  mouth  to  the  anus,  and  that  of  all  the  glands  which 
open  into  this  part  of  the  alimentary  tube. 

The  epithelium  of  the  EuBtaehian  tube  and  tympanum. 

The  epithelium  of  the  bronchial  tubes  and  air  sacs  of  the  lungs. 

The  epithelium  lining  the  ve.sides  of  the  thyroid  body. 

The  epithelial  nests  of  the  thymus. 

The  epithelinm  of  the  urinary  bladder  and  urethra. 

It  remains  now  to  consider  in  succession  the  development  of  the 
several  organs  and  systems  of  organs  in  the  further  progress  of  the 
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FiK.  486.— Embryo  chirk  f4th  dnvl,  viewer!  oa  a  transifiarpnt  object.  IjrlnRr  on  tf*  left  sld« 
CmftgnifliH] >,  r  H,  ivrf-bral  heiiiiwfihen^;  F  B,  forr-hmin  or  veskle  of  third  ventrick*,  with  Ptu 
piiK^t  plaiid  projecting  from  U»  summit:  M  B,  itildhrain:  Ch,  eeretjeUtim:  IV.  l\  fourth  v«?ii- 
triele;  U  len»;  c  h  it,  choroidal  »Ut ;  f>n  \\  audit arv  vfukd*^:  «  m.  superior  maxillary  process; 
IF,  2F*  etc.,  first,  Becoud.  third,  and  fourth  vl«e<>^ral  folds:  F,  fifth  ni?rvt%  wndin^  ont*  braacb 
(.ofihtlialoiie)  to  the  eve,  and  another  to  the  flrst  visceral  arch:  VH.  ft**veutli  eerv**.  pa«Minjr  to  the 
tiiccoijd  vlHct»ral  archf  W  f/i,  Klosfto-phan'npi-Al  nerve,  passlnu:  to  the  third  vlKceral  ivreh:/»p, 
pnerunoffaHiric  nerve.  paMAinj^  towiircl  the  fourth  viHceral  an-h;  i  n  investiiiff  nias»;  rA,  noto- 
chonl:  itsfrt^nt  end  cannot  hp  swn  in  the  living  enihryo.  and  It  diwa  not  end  a«  whowu  in  Uie  flu- 
lire,  hut  taken  a  sudden  l>end  diiwnwtinl,  and  then  temiiniit4'»  hi  a  point:  Hi,  heart  stt^n  thmuj^h 
the  walls  of  th*^  cbeKt:  Xf  F.  inuwele  platen:  If.  winje,  Rhowing  eomnienclnp  difTen^iitlatJrin  of 
segments,  corrps|>ondInfr  to  arm.  forearm,  and  hatiri ;  H  L.  hinddiimb,  aa,  yet  a  HhnpelesM  hud, 
showing  no  differentiation.     Beneath  it  is  »een  the  cunred  talL     (Foatpr  and  Hal  four.) 

embryo.     The  accompanying  figure  (fig,  485)  shows  the  chief  organs  of 
the  body  in  a  moderately  early  stage  of  development. 

The  Vertebral  Column  and  Cranium.— The  primitive  part  of 
the  vertebral  column  in  all  the  vertebrata  is  the  chorda  dorsalis  or  noto* 
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chord,  which  consists  entirely  of  soft  cellular  cartilage.  This  cord 
tapers  to  a  point  at  the  cranial  and  caudal  extremities  of  the  animal 
In  the  progress  of  its  development,  it  is  found  to  become  inclosed  in  a 
membranous  sheath,  which  at  length  acquires  a  fibrous  structure,  com- 
posed of  transverse  annular  fibres.  The  chorda  dorsalis  is  to  be  r^arded 
as  the  azygos  axis  of  the  spinal  column,  and,  in  particular,  of  the  future 
bodies  of  the  vertebra?,  although  it  never  itself  passes  into  the  state  of 
hyaline  cartilage  or  bone,  but  remains  inclosed  as  in  a  case  within  the 
persistent  parts  of  the  vertebral  column  which  are  developed  around 
it.  It  is  permanent,  however,  only  in  a  few  animals:  in  the  majority 
only  traces  of  it  persist  in  the  adult  animal. 

In  many  fish  no  true  vertebras  are  developed,  and  there  is  evcT? 
graduation  from  the  amphioxus^  in  which  the  notochord  persistg 
through  life  and  there  are  no  vertebrae,  through  the  lampreys  in  which 
there  are  a  few  scattered  cartilaginous  vertebrae,  and  the  sharks,  in 
which  many  of  the  vertebrae  are  partly  ossified,  to  the  bony  fishes,  such 
as  the  cod  and  herring,  in  which  the  vertebral  column  consists  of  a 
number  of  distinct  ossified  vertebrae,  with  remnants  of  the  notochord 
between  them.  -In  amphibia,  reptiles,  birds,  and  mammals,  there  are 
distinct  vertebrae,  which  are  formed  as  follows: — 

The  mesoblastic  somites,  which  have  been  already  mentioned  (p. 
799),  send  processes  downward  and  inward  to  surround  the  notochord, 
and  also  upward  between  the  medullary  canal  and  tlie  epi blast  covering 
it.  In  the  former  situation,  the  cartilaginous  bodies  of  the  vertebra 
make  their  appearance,  in  the  latter  their  arches,  which  inclose  the 
neural  canal. 

The  vertebra?  do  not  exactly  correspond  in  their  position  with  the 
protovertebri\} :  but  each  permanent  vertebra  is  developed  from  the  con- 
tiguous halves  of  two  protovertebne.  The  original  segmentation  of  the 
protovertebne  disappears  and  a  fresh  subdivision  occurs  in  such  a  way 
that  a  permanent  invertebral  disc  is  developed  opposite  the  centre  of 
each  pro  to  vertebra.  Meanwhile  the  protovertebne  split  into  a  dorsal 
and  ventral  portion.  The  former  is  termed  the  musculo-cutaneous  plate, 
and  from  it  are  developed  all  the  muscles  of  the  back  together  with  the 
cutis  of  the  dorsal  region  (the  epidermis  being  derived  from  the  epiblast). 
The  ventral  portions  of  the  i)rotovertebra^,  as  we  have  already  seen, 
give  rise  to  the  vertebra?  and  heads  of  the  ribs. 

The  chorda  is  now  inclosed  in  a  case,  formed  by  the  bodies  of  the 
vertebne,  but  it  gradually  wjistes  and  disappears.  Before  the  disappear- 
ance of  the  chorda,  the  ossification  of  the  bodies  and  arches  of  the  verte- 
bra? begins  at  distinct  points. 

The  ossification  of  the  body  of  a  vertebra  is  first  observed  at  the 
point  where  the   two  primitive  elements  of  the  vertebrae   have  united 


DEVELOPMENT. 


759 


inferiorly.     Those  vertebrre  which  do  not  bear  ribs,  guch  as  the  cer- 
|Tical  vertebrae,  have  generally   an  additional  centre  of  ossification  in 
'the   transverse  process,  which   is  to  be    regarded  as  an  abortive  rudi- 
^ttieut  of  a  rib.     In  the  fcetal   bird,  these  additional  ossified  portions 
I  exist  in  all  the  cervical  vertebrae,  and  gradually  become  so  much  developed 
in  the  lower  part  of  the  cervical  region  as  to  form  the  upper  false  ribs 
of  this  class  of  animals.     The  same  parts  exist  in  mammalia  and  man; 
those  of  the  last  cervical  vertebra  are  the  most  developed,  and  in  chil- 
dren  may,  for  a  considerable  period,  be  distinguished  as  a  separate 
part  on  each  side  like  the  root  or  head  of  a  rib. 

The  true  cranium  is  a  prolongation  of  the  vertebral  column,  and  is 
developed  at  a  much  earlier  period  than  the  facial  bones.  Originally, 
it  is  formed  of  but  one  miiss,  a  cerebral  capsule,  the  chorda  dorsal  is 
being  continued  into  its  base,  and  ending  there  with  a  tapering  point 
At  an  early  period  the  head  is  lient  downward  and  forward  round  the 
end  of  the  chorda  dorsal  is  in  such  a  way  that  tlie  middie  cerebral  vesicle, 
and  not  the  anterior,  comes  to  occupy  the  highest  position  in  the  head. 
Pituitary  Body.— In  connection  with  this  must  Ih3  mentioned  the 
development  of  the  pituitary  body.  It  is  formed  by  the  meeting  of  two 
outgrowths,  one  from  the  foetal  brain,  which  grows  do^Tiward,  and  the 
other  from  the  epiblast  of  the  buccal  cavity,  which  grows  up  toward  it. 
The  surrounding  mesoblast  also  takes  part  in  its  formation.  The  con- 
nection of  the  first  process  witli  tlie  brain  becomes  narrowed,  and  per- 
sists as  the  iufundibolum,  while  that  of  the  other  process  with  the  buccal 
cavity  disappears  completely  at  a  spot  correspond iug  with  the  future 
position  of  the   body  of  the  sphenoid. 

Cranium. — The  first  appearance  of  a  solid  support  at  the  base  of  the 
cranium  observed  by  Muller  iu  fish,  consists  of  two  elongated  bands  of  car- 
tilage (trabeeulfe  cranii),  one  on  the  right  and  the  other  on  the  left  side, 
which  are  connected  with  the  cartilaginous  capsule  of  the  auditory  ap- 
paratus, and  which  diverge  to  inclose  the  pituitary  body  uniting  in 
front  to  form  the  septum  nasi  beneath  the  anterior  end  of  the  cerebral 
capsule.  Hence,  in  the  cranium,  as  in  the  spinal  column,  there  are  at 
first  developed  at  the  sides  of  the  chorda  dorsalis  two  symmetrical  ele- 
ments, which  subsequently  coalesce,  and  may  wholly  inclose  the  chorda. 
The  braiu-Ciise  consists  of  three  segments:  occipital,  parietal,  and 
frontal,  corresponding  iu  their  relative  position  to  the  three  primitive 
cerebral  vesicles;  it  may  also  be  noted  that  in  front  of  each  m^gment  is 
developed  a  sense-organ  {auditory,  ocular,  and  olfactory,  from  behind 
forward).  The  basis  cranii  consists  at  an  early  period  of  an  unsegmented 
cartilaginous  rod,  developed  round  the  notochord,  and  continued  for- 
ward beyond  its  termination  into  the  traheculw  craniU  which  bound  the 
pituitary  fossa  on  either  side. 
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In  this  cartilaginous  rod  three  centres  of  ossification  appear:  hA- 
occipital,  basi-sphenoid,  and  pre-sphenoid,  one  corresponding  to  each 
segment. 

The  bones  forming  the  vault  of  the  skull,  viz.^  the  frontal,  pari«ti|^ 
squamous  portion  of  temporal  and  the  squamo-occipital,  are  osiBed  m 
membrane. 

The  Visceral  Clefts  And  Arches, 

As  the  embryo  enlarges,  the  heart,  which  at  first  occupied  a  poeiticm 
close  to  the  cranial  flexure,  is  carried  further  and  further  backward  anlili 
considerable  part,  in  which  the  mesoWaat  is  undivided,  intervenes  betweea 


^ 


Tig.  486.— A.  HiiffniRed  vitw  from  before  of  the  head  Mid  tieck  of  a  human  emhrro  etf  tlboA 
three  weetcs  (from  Ecker,)— 1,  aut-erior  cerebral  vesicle  or  e^'rebnim;  2,  middle  ditto j  3L     ' '" 
or  fronto-fiAKa)  proceHs;  4,  suiwrior  maxJIlarr  jirocew;  B,  eyt- ;  ^,  inferior  Diaxillarr  — 
ftrst.  visci*raJ  arcb,  and  below  h  tli^  first  cU>ft;  f,  8,  9,  secxwnd,  third,  and  fourtli  arclie* 
B.  Anterior  vlt^w  of  the  head  of  a  huroan  frntuH  of  about  the  ftfLh  week  Cfroni  Ecker,  u 
flg-.  IV.).     1,  2.  3,  5,  the  fiame  parta  as  in  a;  4,  the  trxternal  nasal  or  lateral  frontal  procw:  i 
the  fluperlor  maxiUiiry  pnxw«w;  7^  the  lower  Jaw;  x^  this  t<>D^e;  8,  tirat  brandilal  deft 
Ing  the  meatus  auditoruiit  extciruuB. 

it  and  the  head.     This  becomes  the  neck.     On  section  it  is  seen  that  in  I 
it  the  whole  three  layers  are  represented  in  order,  and   that  there  Is  no  j 
interval  between  them.     In  the  neck  thus  formed  soon  appear  the  yts- 
ceral  or  branchial  clefts  on  either  side,  in  series,  across  the  axis  of 
the  got  not  quite  at  right  angles.     They  are  four  in  number,  the  mmi 
anterior  being    first  found.      At  their  edges  the  hypoblast  and  their  j 
epiblast  are  continuous.     The  anterior  border  of  each   cleft  forms  a  fold 
or  lip,  the  branchial  or  visceral  fold.     The  posterior  border  of  the  last 
cleft  is  also  formed  into  a  fold,  so  that  there  are  four  clefta  and  five  folik  I 
but  the  three  moat  anterior  are  far  more  prominent  than  the  others*  and] 
of  these  the  second  is  the  most  conspicuous.     The  tirst  fold  nearly  meetd  iU  J 
fellow  in  the  middle  line,  the  second  less  nearly,  and  the  others  in  order] 
still  less  80.     Thus  in  the  neck  there  is  a  triangular  interval,  into  which  i 
by  the  splitting  of  the  mesoblaat  at  that  part  the  pleuroj>eritoneal  caritT  , 
extends.     The  branchial  clefts  and  arches  are  not  all  permanent     Tlie 
first  arch  gives  off  a  branch  from  its  front  edge,  which  passes  forward  to 
meet  its  fellow,  but  these  olfshoot^  do  not  quite  meet,  being  separated 
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hy  a  process  which  grows  downward   from  the  head.       Between  the 

branches  and  the  main  first  fold  is  the  cavitj  of  the  mouth.     The  branches 

■  represent  the  superior  maxilla,  and  the  main  folds  the  mandihle  or  lower 

^Baw.     The  central  process,  which  grows  down,  is  the  fronto-naaal  pro- 


h 


In  this  way  the  so-called  viBceral  arches  and  clefts  are  formed,  four 
on  each  side  (fig.  48»>,  a). 

From  or  in  connection  with  these  arches  the  following  parts  are  deYel- 
oped : — 

The  first  arch  (mandihular)  contains  a  cartilaginous  rod  (^leckel's 
lartilage),  around  the  distal  end  of  which  the  lower  jaw  is  developed, 
while  the  malleus  is  ossified  from  the  proximal  end. 

AVhen  the  maxilhiry  processes  on  the  two  sides  fail  partially  or  com- 
pletely  to  unite  in  the  middle  line,  the  well-known  condition  termed 
ckft  palate  results.  When  the  integument  of  the  face  presents  a  similar 
deficiency,  we  have  the  deformity  known  as  hare-lip.     Though  these  two 


Fi(^.  487.— Embryo  chick  r4th  rtfty>,   vi^wtnl   an  a  trariKimi^nt  obtect,  IrinfT  on  it«  left  Ride 
(ma^mfled>.    C  H,  evrfbral  hemispheres;  F B,  fure-bmin  or  v«-sic1i*  of  thin!  ventricle,  with  /^i, 

gineal  elAUd  projectin*f  from  itMHummit;  M  B^  mld-braiu;  C />,  cereb*?IJMm;  l\'.  I"  fourth  ^-en- 
Icle:  X,  lena;  c  h  a,  chorwJnl  »Ut;  CVii.  V\  audit4>rv  vesicle:  #  m,  su[)erior  maxillar}'  prixt^wi: 
IF,  %P,  etc.,  firsts  second,  third,  and  fourth  visceral  folci&;  V,  fiftli  nepv«-,  senclim?  on^  branch 
<uphthjilmic>  to  the  eye.  And  anntht^r  to  the  first  vistx^ral  arch;  VH.  seventh  nerve,  iJuvKj^injic  to 
the  swH  ond  vlHcertil  arch;  iL  Ph,  i,'losj*i>|ih£irynpeiil  nerve,  tmKt^inj?  to  the  third  viscei^al  arch; 
P  fj,  pueumotj^astric  nerve,  f>asMin^  toward  the  fourth  vii«ceral  arch;  r  r,  loveMtlog  niii^s;  cA, 
notocbord;  its  front  end  cauiiot  Ite  »i.'#'n  in  the  livinp  embryf>,  and  it  does  not  end  att  shown  in 
the  fifiriire,  but  Cak^  a  HUdden  In-nd  downward,  ftnd  then  t*'rniinatw  in  a  point;  f/f,  heart  aeeii 
tlirou>;i»  the  wMls  of  the  ch^st ;  MP,  muscit'-platt^s;  ir,  wlriK,  Rhowinjf  eommeacln/r  dffferpxitia- 
tioD  of  ^^iiiHtjtii,  correspoudini?  to  arm.  foreami,  and  hand;  S' S',  somatic  stalk;  AL  anantois; 
//  L,  hind  I i tub,  as  jrrt  a  ibapelesa  bud,  showiuK  do  differentiation.  Beneath  It  is  seeo  the 
cu rveii  tal  L     t.  Foster  and  Balf mir  ) 

deformities  frequently  co-exist,  they  arc  by  no  means  iilways  necessarily 
associated. 

The  upper  part  of  the  face  in  the  middle  line  is  developed  from  the 
Bo-c&\hA  frimtal'imsal  process  (a,  3,  fig.  4ytj/)     From  i\\Q  second  arch 
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are  developed  the  incn^^  stapes^  and  siapediu.s  muscle,  tbe  styloid  ] 
of  the  temporal  buoe,  the  altflo-hi/oid  ligament,  and  the  smaller  cornu  of 
the  lufoid  bone.  From  the  //*m/ visceral  arch,  ihogrmfercvrnu  and  hodg 
of  the  hyoid  bone.  In  man  and  other  mammalia  the /owrM  visceral  arch 
is  indistinct  It  occupies  the  position  where  the  neck  is  afterward 
developed, 

A  distinct  connection  is  traceable  between  these  visceral  iu*chcs  and 
certain  cranial  nerves:  the  trigeminal,  the  facial,  the  gloaso-phaiyiigeilt 
and  the  vagus.  The  ophthalmic  division  of  the  trigeminal  supplies  tlia 
fronto-naeal  process  j  the  superior  and  inferior  maxillary  divisiona  supply 
the  maxillary  and  mandibolar  arches  respectively, 

Tlie  facial  nerve  distributes   one   branch  (chorda  tyrapani)   to  the 
first  visceral  arch,   and  others  to  the  second  visceral  arch.     Thu 
divides,  inclosing  the  first  visceral  cleft.  » 

Similarly,  the  glosso- pharyngeal  divides  to  inclose  the  second  fiaoenir 
cleft,  its  lingual  branch  being  distributed  to  the  second,  and  lit 
pharyngeal  branch  to  the  third  arch. 

The  vagus,  too,  sends  a  Immeh  (pharyngeal)  along  the  third  arch, 
and  in  fishes  it  gives  oft  paired  branches,  which  divide  to  incloae  aevenl 
successive  branchial  clefts. 

The  Extremities, 

The  extremities  are  developed  in  a  uniform  manner  in  all 
brata  animals.     They  appear  in  the  form  of  leaf^like  elevations  from  the] 


Fiff.  4W.— A  htimnn  embnro  of  tho  fourth  wt^k.  1^  li»c»  io  V-ntrtli.— 1.  teclloHcNi;  ^  nst         I 
of  tbe  amtiloti:  4,  umbilical  v««UI  (t>e  fttadsmn ;  f.i^^H 

iHMirt:  8,  th«  Itvpr;  0,  the  Tlaocfml  it  TiastJi  wliidk  ^gm  l«K^H 

other  visceral  archeefiepAratod  by  tfi  ii|>pfc  <ninwHf  .  iC^W 

that  ot  the  lo««r  exti'vaitty ;  IS,  the  umbihcul  cuiJ;  1:1,  the  eye;  JG,  Uie  c«r;  17,  cvf^teftl  aon^        " 
18,  optic  labofli,  corpora  quodrlgtimltuh.    (MtUltsr.) 


parieties  of  the  trunk  (see  fig.  488),  at  points  where  more  or  hm  ol  i& 
arch  will  bo  produced  for  them  within.  The  primitive  form  cif  th« 
extremity  is  neaily  the  same  in  all  vertebrata,  whether  it  be  dditiiuid  te 
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trimming,  crawling,  walking*  or  flying.  In  tlie  human  fiptus  the  fin- 
^rs  are  at  first  unittui,  us  if  wablied  for  swioiiiiiug;  but  this  is  to  be 
egarded  not  so  mucfi  as  an  approxiniation  to  the  form  of  aquatic 
'  animals,  m  the  primitive  form  of  the  hand,  the  individual  parts  of  which 
eubeequeotly  become  more  completely  isolated. 

The  fore-limb  always  appears  before  the  hind-limb,  and  for  some 
time  continues  in  a  more  advanced  state  of  developnient.  In  both 
limbs  alike,  the  disUd  segment  (hand  or  foot)  is  separated  by  a  slight 
notch  from  the  proximal  part  of  the  limb,  and  this  part  is  subsequently 
divided  again  by  a  second  notch  (kueo  or  elbow- joint). 

The  Vascular  System. — At  an  early  stuge  in  the  development  of 
he  embryo-chick,  the  so-called  area  vasctilosa  begins  to  make  its  appear- 
ce.  A  rnnnbor  of  branched  cells  in  the  mesnblast  send  out  processes 
hich  unite  so  as  to  form  a  network  of  protopbism  with  uiiclei  at  the 
nodal  points.  A  large  number  of  utielei  acquire  red  color ;  these  form  the 
red  blood -corpuscles.  The  protoplasmic  processes  l>ecome  hollowed 
out  in  the  centre  so  as  to  form  a  closed  system  of  branching  canals,  in 
the  walls  of  which  the  rest  of  the  nuclei  remain  imbedded.  In  the 
blood-vessels  thus  formed,  the  circulation  of  the  embryonic  blood  com- 
mences. 

I  According  to  Klein,  the  first  blood-vessels  in  the  chick  are  developed 
from  embryonic  cells  of  the  mesoblast,  which  swell  up  and  become  vacuo- 
lated, while  their  nuclei  undergo  segmentation.  These  cells  send  out  proto- 
pliismic  processes,  which  unite  with  corresponding  ones  from  other  cells, 
and  become  hollowed, give  rise  to  the  capillary  wall  composed  of  endothelial 
cells;  the  blood  corpuscles  being  budded  olTfrom  the  eudotheli^d  wall  by  a 
process  of  gemmation, 

HrarL — About  the  sjime  early  period  the  heart  makes  its  appearance 
'as  a  solid  mass  of  colls  of  thesplanclmopleure  in  the  manner  before  indi- 
cated. 

At  this  period  the  anterior  part  of  the  alimentary  tube  ends  blindly 
beneath  the  notochord.  It  is  beneath  the  posterior  end  of  thi^fore-fjut 
that  the  heart  begins  to  be  developed.  The  heart  when  first  formed  is 
made  up  of  two  not  quite  complete  tubes  which  coalesce  to  form  one,  and 
so  when  tlic  cavity  is  hollowed  out  in  the  mttss  of  cells,  the  central  cells 
float  freely  in  the  fluid,  which  soon  begins  to  circulate  by  means  of  the 
rhythmic  pulsations  of    the  embryonic  heart. 

These  pulsations  take  place  even  before  the  appearance  of  a  cavity , 
and  immediately  after  the  first  laying  down  of  the  cells  from  which 
the  heart  is  formed,  and  long  liefore  muscular  fibres  or  ganglia  have  been 
formed  in  the  cardiac  walls.  At  first  they  seldom  exceed  from  fifteen 
to  eighteen  in  the  minute.  The  fluid  within  the  cavity  of  the  heart 
shortly  assumes  the  characters  of  blood.     At  the  same  time,  the  cavity 
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itself  forms  a  communication  with  the  great  vessels  in  contact  with  it, 
and  the  cells  of  which  its  walls  are  comprised  are  transformed  into  fibrotu 
and  muscular  tissues,  and  into  epithelium.     In  the  developing  chid[ 


Fipr.  4.S0.  Fig.  491. 

Fig.  4fiO.  —Capillary  l)l(>od-vpss*>ls  of  the  tail  of  a  young  larval  frog.  a.  capillaries  perm*- 
able  to  blood:  b.  fat  granules  attaclied  to  the  walla  of  th»»  vessels,  and  concealing  the  nucl*?i;  r. 
hollow  prolongation  of  a  capillary,  tMiding  in  a  point;  d,  a  branching  cell  with  nucleus  ami  fa^ 
granules;  it  conununicates by  thr»-»«»  branches  with  iirolongation  of  capillaries  already  fornMi; 
€,  e,  bloiMl  corpuscles  still  containing  granules  of  fat.     x  :i50  times.     (Ki>lliker. ) 

Fig.  4*).  — I)evelopment  of  capillaries  in  the  regenerating  tail  of  a  tadpole,  a  6cd,  sprouts 
and  cords  of  protoplasm.     (Arnold.) 

Fig.  401.— The  same  region  after  the  lapse  of  34  hours.  The  "sprouts  and  cords  of  proto- 
plasm "  have  become  channelled  out  into  capillaries.     (Arnold. ) 

it  can  be  observed    with  the  naked  eye  as  a  minute  red  pulsating  little 
mass  before  tlie  end  of  the  second  day  of  incubation. 

Blood- resspls. — Blood-vessels  appear  to  be  developed  in  two  ways,  ac- 
cording to  their  size.  In  tlie  formation  of  large  blood-vessels,  masses  of 
embryonic  colls  similar  to  those  from  which  the  heart  and  other  struct- 
ures of  the  embryo  are  developed,  arrange  themselves  in  the  position, 
form,  and  thickness  of  the  developing  vessel.  Shortly  afterward  the  celh 
in  the  interior  of  a  column  of  this  kind  sem  to  be  developed  into  blood- 
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©orpiiscles,  while  the  external  layer  of  ceUs  is  converted  into  the  wiilU 

f  the  vessel . 

In  the  development  of  eapilhrie^  another  plan  is  pursued.  This  hits 
been  well  illustrated  by  Kolliker»  aa  observed  in  the  tails  of  tadpoles. 
The  tirst  lateral  vessels  of  the  tail  have  the  form  of  simple  arches,  pass- 
ing between  the  main  artery  and  vein,  and  are  produced  by  the  junction 
of  prolougatione,  sent  from  both  the  artery  and  vein,  with  certain  elon- 
jgated  or  star-shaped  cells,  in  the  substance  of  the  taih  When  these  arches 
e  formed  and  are  permeable  to  bloody  new^  prolongations  pass  from  them> 

oin  other  radiated  cells,  and  thus  form  secondary  arches.  In  this  manner^ 
the  capillary  network  extends  in  proportion  as  the  tail  increases  in  length 
mnd  breadth,  and  it,  at  the  same  time,  becomes  more  dense  by  the  forma- 
tion, according  to  the  same  plan,  of  fresh  vessels  within  its  meshes.  The 
prolongations  by  wbicli  the  vessels  communicate  with  the  star-shaped  cells, 
consist  at  first  of  narrow  pointed  projections  from  the  side  of  the  Tessels^ 
which  gradually  elongate  until  they  come  in  contact  with  the  radiated 
processes  of  the  cells.  The  thickness  of  such  a  prolongation  often  does 
not  exceed  that  of  a  fibril  of  tibrous  tissue,  and  at  first  it  is  perfectly 
solid  J  but,  by  degrees,  especially  after  its  junction  with  a  cell ^  or  with 
another  prolongation,  or  with  a  vessel  already  permeable  to  blood,  it 
enlarges,   and  a  cavity  then  forms  in  its  interior  {see  figs.  491,  492). 

ITIiis  tissue  is  well  calculated  to  illustrate  the  various  steps  in  the  devel- 
opment of  blood-vessels  from  elongating  and  branching  cells. 
In  many  cases  a  whole  network  of  capillaries  is  developed  from  a  net- 
work of  branched,  embryonic  connective-tissue  corpuscles  by  the  join- 


Fte.  4W. — CapIllaHe^i  from  tb*  TitreooB  humflr  of  a  frpta!  ealf.  Two  vessels  *re  seen  oon- 
Bfctedbj  a  "txirir  of  pratoiiliiLMm,  and  clothed  with  !hj  BKhentiiia,  enntAjaliig  Diuneroufl  auelef. 
ft„  jugertlocL  of  tliis  "cord  **  into  the  prfmaiy  waU»  of  tlie  vessels.     ^FreyO 

ing  of  their  processes,  the  multiplication  of  their  nnclei,  and  the  vacuo- 
lation  of  the  cell-substance.  The  vacuoles  gradually  coalesce  till  all  the 
partitions  are  broken  down,  and  the  originally  solid  protoplasmic  ceU- 
euhstauce  is,  so  to  speak,  tunnelled  out  into  a  number  of  tubes. 

Capillaries  may  also  be  developed  from  cells  which  are  originally 
spheroidal,  vacuoles  form  in  the  interior  of  the  cells  gradually  fjecoming 
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united  by  fine  protoplasmic  processes:  by  the  extension  of  the  Tacaoki 
into  them,  capillary  tubes  are  gradually  formed. 

Morphology.  Heart. — When  it  first  appears,  the  heart  is  approxi- 
mately tubular  in  form,  being  at  first  a  double  tube  then  a  single  one.  It 
receives  at  its  two  posterior  angles  the  two  omphalo-mesenteric  or  vitd- 
line  veins,  and  gives  oft  anteriorly  the  primitive  aorta  (fig.  493).  The 
junction  of  the  two  veins  which  pass  into  the  auricle  becomes  removed 
farther  and  farther  away  from  the  heart,  and  the  vessel  thus  formed  is 
called  sinus  venosus  near  to  the  auricle,  and  ductus  venosns  farthe 
away,  or  if  it  be  called  by  one  name  that  of  meatus  venosus  may  be  used. 

It  soon,  however,  becomes  curved  somewhat  in  the  shape  of  a  horee- 
shoe,  with  the  convexity  toward  the  right,  the  venous  end  being  at  the 
same  time  drawn  up  toward  the  head,  so  that  it  finally  lies  behind  and 
somewhat  to  the  right,  of  the  arterial.  It  also  becomes  partly  divided  by 
constrictions  into  three  cavities. 

Of  these  three  cavities  which  are  developed  in  all  vertebrata,  that  at 
the  venous  end  is  the  simple  auricle,  with  the  sinus  venosus,  that  at  the 
arterial  end  the  bulbus  arteriosus,  and  the  middle  one  is  the  simple  ven- 
tricle. 

These  three  parts  of  the  heart  contract  in  succession.  The  auricle 
and  the  bulbus  arteriosus  at  this  period  lie  at  the  extremities  of  the 


Fig.  498.— FcBtal  heart  In  successive  staees  of  development.    1,  venous  extremity ;  2,  arterial  ex- 
tremity ;  8,  8,  pulmonary  branches ;  4,  ductus  arteriosus.     (Palton. ) 

horse-shoe.  The  bulging  out  of  the  middle  portion  inferiorly  gives  the 
first  indication  of  the  future  form  of  the  ventricle  {fig.  493).  The  great 
curvature  of  the  horse-shoe  by  the  same  means  becomes  much  more 
developed  than  the  smaller  curvature  between  the  auricle  and  bulbus; 
and  the  two  extremities,  the  auricle  and  bulb,  approach  each  other 
superiorly,  so  as  to  produce  a  greater  resemblance  to  the  later  form  of 
the  heart,  while  the  ventricle  becomes  more   and  more  developed  in- 
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feriorly.  The  heart  of  fishes  retains  these  cavities,  no  further  division 
by  internal  septa  into  right  and  left  chambers  taking  place*  In 
amphibia,  also,  the  heart  throughout  life  consists  of  the  three  muscular 
divisions  which  are  so  early  formed  in  the  embryo  and  the  sinus  venosus; 
but  the  auricle  ia  divided  internally  by  a  septum  into  a  pulmonary  and 
systemic  auricle.  In  reptiles,  not  merely  the  auricle  is  thus  divided  into 
two  cavities,  but  a  similar  septum  but  incomplete  is  more  or  less  developed 


h  '^ 


404. -Heart 
tmnkB;  2,  tbe^  auricle;  3. 


of  the  chick  at  the  45tli.  estli,  and   RSth  bours  of 
the  ventricle 


lj]cttir>atIon.    t,  the  venoui 
4,  the  bulbus  art^^riosus.     <  Atkn  ThomaOD.j 


■  two 

r 

■  in  the  ventricle.     In  birds  and  mammals,   both  auricle  and  ventricle 
f  nndergo  complete  division  by  septa;  while  in  these  animals  as  well  as  in 

reptiles,  the  bulbos  aortic  is  not  permanent,  but  becomes  lost  in  the  ven- 
tricles. The  septum  dividing  the  ventricle  commences  at  the  apex  and 
extends  upward.  The  subdivision  of  the  auricles  is  very  earh^  fore- 
shadowed by  the  outgrowth  of  the  two  auricular  appendages,  which 
occurs  before  any  septum  is  formed  externally,  Tiie  septum  of  the 
auricles  is  developed  from  a  semilunar  fold,  w^hieh  extends  from  above 
downward.  In  man,  the  septum  between  the  ventricles,  according  to 
Meckel,  begins  to  be  formed  about  the  fourth  week,  and  at  the  end  of 
eight  weeks  is  complete.  The  septum  of  the  auricles,  in  man  and  all 
anlmalB  which  possess  it,  remains  imperfect  throughout  foetal  life.   When 

tthe  partition  of  the  auricles  is  first  commencing,  the  two  veme  cavne  have 
different  relations  to  the  two  cavities.  The  superior  cava  enters,  as  in 
the  adult,  into  the  right  auricle;  but  the  inferior  cava  is  so  placed  that 
it  appears  to  enter  the  left  auricle,  and  the  posterior  part  of  the  septum 
of  the  auricles  is  formed  by  the  Eustachian  valve,  which  extends  from 
the  point  of  entrance  of  the  inferior  cava.  Subsequently,  however,  the 
septum,  growing  from  the  anterior  wall  close  to  the  upjier  end  of  the  ven- 
tricular septum,  becomes  directed  more  and  more  to  the  left  of  the  vena 
cava  inferior.  During  the  entire  period  of  fa'tal  life,  there  remains 
an  opening  in  the  septum,  which  the  valve  of  the  foramen  ovale,  devel- 
oped in  the  third  month,  imperfectly  closes. 

The  bnlbug  arieriosus^  which  is  originally  a  single  tube,  becomes 
gradually  divided  into  two  by  the  growth  of  an  internal  septum,  which 
springs  from  the  posterior  wall,  and  extends  forward  toward  the  front 
w-all  and  dow^nw^ard  toward  the  ventricles.  This  partition  takes  a  some- 
what spinal  direction,  so  that  the  two  tubes  (aorta  and  pulmonary  artery) 
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which  result  from  its  completion,  do  not  run  side  by  side,  but  are 
twisted  round  each  other. 

As  the  septum  grows  down  toward  the  ventricles,  it  meets  and  coa- 
lesces with  the  upwardly  growing  ventricular  septum,  and  thus  from 
the  right  and  left  ventricles,  which  are  now  completely  separate,  arise 
respectively  the  pulmonary  artery  and  aorta,  which  are  also  quite  dis- 
tinct. The  auriculo-ventricular  and  semi-lunar  valves  are  formed  by  the 
folds  of  the  endocardium. 

At  its  first  appearance,  as  we  have  seen,  the  heart  is  placed  just 
beneath  the  head  of  the  foetus,  and  is  very  large  relatively  to  the  whole 
body;  but  with  the  growth  of  the  neck  it  becomes  further  and  further 
removed  from  the  head,  and  is  lodged  in  the  cavity  of  the  thorax. 

Up  to  a  certain  period  the  auricular  is  larger  than  the  ventricular  divi- 
sion of  the  heart;  but  this  relation  is  gradually  reversed  as  development 
proceeds.  Moreover,  all  through  foetal  life,  the  walls  of  the  right  ven- 
tricle are  of  very  much  the  same  thickness  as  those  of  the  left,  which 
may  probably  be  explained  by  the  fact  that  in  the  foetus  the  •  right  ven- 
tricle has  to  propel  the  blood  from  the  pulmonary  artery  into  the  aorta, 
and  thence  into  the  placenta,  while  in  the  adult  it  only  drives  the  blood 
through  the  lungs. 

Arteries, — The  primitive  aorta  arises  from  the  bulbus  arteriosus  and 
divides  into  two  branches  which  arch  backward,  one  on  each  side  of  the 
foregut  and  unite  again  behind  it,  and  in  front  of  the  notochord  into  a 
single  vessel. 

This  gives  off  the  two  omphalo-mesenteric  arteries,  which  distribute 
branches  all  over  the  yolk-sac;  this  area  vasculosa  in  the  chick  attaining 
a  large  development,  and  being  limited  all  round  by  a  vessel  known  as 
the  sinus  terminalis. 

The  blood  is  collected  by  the  venous  channels,  and  returned  through 
the  omphalo-mesenteric  veins  to  the  heart. 

Behind  this  pair  of  primitive  aortic  arches,  four  more  pairs  make 
their  appearance  sucessively,  so  that  there  are  five  pairs  in  all,  each  one 
running  along  one  of  the  visceral  arches. 

These  five  are  never  all  to  be  seen  at  once  in  the  embryo  of  higher 
animals,  for  the  two  anterior  pairs  gradually  disappear,  while  the  pos- 
terior ones  are  making  their  appearance,  so  that  at  length  only  three 
remain. 

In  fishes,  however,  they  all  persist  throughout  life  as  the  branchial 
arteries  supplying  the  gills,  while  in  amphibia  three  pairs  persist  through- 
out life. 

In  reptiles,  birds,  and  mammals,  further  transformations  occur. 

In  reptiles  the  fourth  pair  remains  throughout  life  as  the  permanent 
right  and  left  aorta;  in  birds  the  right  one  remains  as  the  permanent 
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ennring  07er  the  right  bronchas  instead   of    the  Mt    as    in 
linammftli. 

Iq  mammals  the  left  fourth  aortic  arch  developfi  into  the  permanent 
[•ort&,  the  right  one  remaining  as  tlio  sabclavian  artery  of  that  side. 
I  Thus  the  subclavian  artery  on  the  right  aide  corresponds  to  the  aortic 
fmrch  on  the  left,  and  this  homology  is  further  confirmed  by  the  fact  that 


^ 
^ 


FiR.  405.  — Dil^^mm  of  the  aortic  archefl  In  a  mftmmAt  ahowinir  traoRformationn  which  (riT*  riw 
to  the  penuiLiit!>rit  art^riAl  vessels.  A^  primitive  arteriftl  st^ptn  or  aortic  bulb,  now  rllvidiHl  Into 
A^  the  ftieetiillti^  piirt  of  th*^  aortic  arch,  and  p,  the  puhiHJtiary ;  aa\  ri^rht  liiiiil  left  aortic  roots; 
A\  dcacwttdlBK  aorta :  K  2,  a.  4,  5.  th^  live  prkiiilivt-  aortif  or  hranchial  anhejii:  /,  //,  ///,  IV. 
the  four  bronL-hittl  clefts  which*  for  the  sivk**  of  el*«me»*.  hove  bt-en  muHU'i.l  on  the  rijifht  side. 
The  pemmnent  ^ystomrf  v€^s«el«are  d«*ply,  the  piiltiioimry  arteri*-^  LiKhtty.  i^lindtHl;  the  iturtf. 
of  the  primitive  iirch*>jt  which  are  transitory  ai-e  nimply  ouHiiied:  t\  placed  t^twtnni  the  per- 
tnaDent  eii-mmon  carotid  arteries;  cr^  external  cari»tid  artericR:  r  *,  intenial  caniitld  arteries;  *, 
right  !*\ibclaviaD,  risinjf  from  the  rljpfht  aortic  root  h*'yond  the  Hftharch;  r.  ri^ht  vertfhral  from 
the  !«une,  ir|»iH»Hiie  the  fourth  arch;  p'  »\  left  vert+'hral  Hinl  i^ihclavian  artt^ri***!  r'ltiiaf^  iofffth^r 
from  due!  left  or  pttrnmnent  aortic  root,  t»ppoHit**  the  fourth  arch:  p,  pulmonary  arterip«  rt«ia|^ 
tOK^^Jipr  from  the  left  fifth  arch;  f/.  tmter  or  liack  |>art  of  the  left  fifth  an^h.  formioj^  ductus 
lkrt«^rlo«i»i ;  p  n,  p  nr,  ripht  and  left  prieij[oit>Ka«tric  nerve**  desc-endinu  in  fm^nt  3t  aortitr  arch, 
with  their  reinirreut  branches  n^presented  dia^raoimptieailj  a*  pasulnv  hehind,  to  ilhiKtrate  the 
relations  tif  thi^«»*  neocH  re«|iectivelv  to  the  ri>rht  hiiWlavlftn  trmty  <4>  and  the  arch  o(  theaort^ 
and  ductus  arteriosus  id).     (Alleu  Thom!**»n,  after  Hathke. ) 

the  recurrent  laryngeal  nerve  hooks  nnder  the  subclavian  on  the  right 
Bide,  and  the  aortic  arcli  on  the  left. 

The  third  aortic  arch  remains  as  the  internal  f^iirotid  artery,  while 
the  fifth  disappears  on  the  right  side,  but  on  the  left  forms  the  pulmo- 
nary artery.  The  distal  end  of  this  arch  originally  opens  into  tbe  descend- 
ing aorta,  and  this  communication  (which  is  permanent  throughout 
life  in  many  reptiles  on  both  sides  of  the  body)  remains  through- 
out foetal  life  under  the  name  of  (hictus  arteriosus:  the  branches  of  the 
pnlmonary  artery,  to  tlie  right  and  left  lung,  are  very  small,  and  moat 
of  the  blood  which  is  forced  into  the  pulmonary  artery  pii^ses  throu|^ 
the  wide  ductus  arteriosus  into  the  descending  aorta.  All  these  peioia 
will  become  clear  on  reference  to  the  accompanying  diagram  (fig,  495), 
49 
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As  the  uoibilical  Tesicle  dwindles  in  size,  the  portion  of  theomph 
mqieenteric  arteries  outside  the  body  gradually  disappears,  the  part  ingj 
fclie  body  remaining  iia  the  mesenteric  arteries. 

Meanwhile  with  the  growth  of  the  alhintois  two  new  arteriei  (s 
teal)  appear,  aud  rapidly  increase  in  size  till  they  are  the  largest  branc 
of  the  aorta:  they  are  given  off  from  the  internal  iliac  arteriee,  and  lot 
a  long  time  are  considerably  larger  than  the  external  iliacs  whicli  *uppl) 
the  comparatively  email  hind-limbs. 

Veins, — The  chief  veins  in  the  early  embryo  may  be  divided  im 
two  groups,  visceral  and  parietal:    the  former  inclades  the  omphalo- 


Fiif.  iM. 
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Fie.  49a.— Dlagrttm  of  youn^  eDibrjro  and  lUt  vesaela,  showinir  oouree  of  eirculAtloB  ft 
umbilic&l  veaicL«^;  and  also  that  of  the  aUaniolB  fiieftr  the  cftiidMj  estrvmlty),  which  te  jnil 
men  c  luf^.    ( Daltoo,  > 

Fi^,  Am.^JiiMfinm  of  embryo  (ind  tt»  vprspIr  at  n  lator  vtAf^e,   showini?  the  neoood  cirailft- 
tfon.  Th^  pbaiynXn  GsaoTihaK^jH,  mid  InU'^tiual  cjviml  bavc  become  further  deTeloped,  and  fclie 
nil         '       .  ■.     ..  ,  .^i     ,         .  .         ...  .        «  . 


enteric  ftrterieB  have  c^1ar|?i'<d,  while  the  untbiUcal  vesicte  nod  its  raacular    

much  reduced  In  Hize.  The  t&ri^e  umbllletil  arteriea  are  aeen  pamliis  out  in  tlie  planrnito.  Cl^tao.) 

mesenteric  and  umUilical,   the  latter  the  jugular  and  cardinal  veins. 
The  former  may  Im  first  considered* 

The  earlies^t  veins  to  appear  in  the  frntua  are  the  omphalo^mesenleii 
or  vitelline,  which  return  the  blood  from  the  yolk-sac  to  the  developin 
auricle.  As  soon  as  the  placenta  with  its  umbilical  veins  is  develop 
these  unite  with  the  omphalo-meseuteric,  and  thus  the  blood  whio 
readies  the  auricle  cornea  partly  from  the  yolk-sac  and  partly  from  th 
placenta.  The  right  omphalo-mesentcric  and  the  right  umbilical  vein 
soon  disappear,  aud  the  uuited  left  omphalo-niesenteric  iind  nmbilic 
veins  pass  through  the  developing  liver  on  the  way  to  the  auricle. 
set-s  of  vessels  make  their  appearance  in  connection  with  the  liver  (ven 
hepaticffi  advehentes,  aud  revehcntos),  both  opening  into  the  nuiK 
omphalo-mesenteric  and  umbilical  veins,  in  such  a  way  that  a  portifl 
of  tlie  venous  blood  traversing  the  latter  is  diverted  into  the  developil 
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iver,  and,  having  passed  through  its  capillaries,  returns  to  the  umbili- 
cal vein  through  the  vena*  hepaticai  revehentes  at  a  point  nearer  the 
H^ieart  (see  fig.  498).     The  portion  of  vein  between  the  afferent  and  effe- 
rent veins  of  the  liver  becomes  the  ductus  venoBus.     The  vena?  hepaticas 


Fl^.  4{M. —Diagrams  iUiiBtratitiic  ihe  ilevelopmont  of  vtfin»  about  tbc  liver.  B,  d  c,  ductA  of 
rCuTJer,  rifi-ht  and  left;  c  d,  rt^ht  uid  It*ft  canlimal  veins;  o.  left  omph&ki-RieBeQterie  vein;  o\ 
riffhl  ompJialcj-mejienUTic  vi^in,  almost  fiJ^irivt'Metl  up:  u  ii',  timhUleal  veiHtsi,  t>f  which  u\  the  rif^ht 
oDe,  has  ahinKKt  JiHappeiurecl,  B«twi"«n  th«*  wuip  i.>ardJnalp>K  Ik  ae^n  th«  outline  f>(  the  rudiments 
ary  liver  with  its  vt^uw  hepatica^  »<lv**hHiin»s,  and  rereJieutes.  A  ductuH  venomis;  l\  hepatic 
veliift;  c  i\  reua  cav«  ioferlor;  P,  portal  velu;  /*!*,  veow  advehcDtes;  m,  mt^seaterfc  voina, 
iKmUker.) 


advehentes  become  the  right  and  left  branches  of  the  portal  vein,  the 
venie  hepaticse  revehentea  became  the  hepatic  veins,  which  open  juat  at 
the  junction  of  the  ductus  vcuosns  with  another  large  vein  (veua  cava 
inferior) J  which  is  now  being  developed.  The  mesenteric  portion  of 
the  omphalo-mesenteric  vein  returning  blood  from  the  developing  intes- 
tines remains  as  the  mesenteric  vein,  which,  by  its  union  with  the  splenic 
vein,  forms  the  portal. 

Thus  the  facial  liver  is  supplied  with  venous  blood  from  two  sources, 
through  the  umbilical  and  portal  vein  respectively.  At  birth  the  circu- 
lation through  the  umbilical  vein  of  course  completely  ceases  and  the 
Tessel  begins  at  once  to  dwindle,  so  that  now  the  only  venous  supply  of 
the  liver  is  through  the  portal  vein.  The  earliest  appearance  of  the 
panetffl  system  of  veins  is  the  formation  of  two  short  transverse  veins 
(ducts  of  Cuvier)  opening  into  the  auricle  on  either  side,  which  result 
from  the  union  of  an 'anterior  cardinal,  afterward  forming  a  jugular,  vein, 
collecting  blood  from  the  licad  and  neck,  and  a  posterior  cardinal  vein 
which  returns  tixe  blood  from  the  Wolfliao  bodies,  the  vertebral  column, 
and  the  parietics  of  the  trunk.  This  arrangement  persists  thronghont 
life  in  lislies,  but  in  mammals  the  following  transformations  occur. 

As  the  kidneys  are  developing  a  now  vein  appears  (veua  cava  infe- 
rior), formed  by  the  junction  of  their  efferent  veins.  It  receives  branches 
from  the  legs  (iliac)  and  increases  rapidly  in  size  as  they  grow;  further 
tip  it  receives  the  hepatic  veins,  which  by  now  have  lost  their  original 
opening  into  the  ductus  venosus.     The  heart  gradually  descends  into 
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the  thorax,  causing  the  ducts  of  Cuvier  to  become  oblique  inateai  ef 
tranav^se.  A3  the  fore-limbs  develop,  the  subolavioii  Ymn»  are  fonood. 
A  traoaverse  communicating  trunk  now  unites  the  two  ducts  of 
CuvieT)  and  gradually  increases,  while  the  left  duct  of  CuTi^  becoisei 
almost  entirely  obliterated  (all  its  blood  passing  by  the  communicating 
trunk  to  the  right  side)  (fig.  499,  CD.).  The  right  duct  of  Cuvier 
remains  as  the  right  innominate  vein,  while  the  communicating  braDch 
forms  the  left  innominate.  The  remnant  of  the  left  duct  of  Cnvier 
generally  remains  as  a  fibrous  band,  running  obliquely  down  to  the  coro- 
nary  vein,  which  is  really  the  proximal  part  of  the  left  duct  of  Cuvier. 
In  front  of  the  root  of  the  left  lung,  another  relic  may  be  found  in  the 


U 


FlR.  499.— Diacrams  illustratinjc  tho  development  of  the  ^reat  veins,  d  c,  duct8  of  Cwvitr.;. 
jugular  veins ;  /i,  liepatic  veins;  r,  eardiual  veins;  x.  subclavian  vein;  j  t\  internal  iuirular  vein; 
je,  external  ju^ilar  vein:  <i  z,  azyjjoK  vein;  r  /.  inferior  vena  cava;  r.  renal  veinai:  *I,  lilac  vfins; 
h  ij,  hyi>ogU8tric  veins.     ((ieKennaur. ) 

form  of  the  so-called  restigial  fold  of  Mtirsliall,  which  is  a  fold  of  peri- 
cardium running  in  the  sume  direction. 

In  many  of  t^ie  lower  mammals,  such  as  the  rat,  the  left  ductus 
Cuvieri  remains  as  a  left  superior  cava. 

Meanwhile,  a  transverse  branch  carries  across  most  of  the  blood  of 
the  left  jmsterior  cardinal  vein  into  the  right;  and  by  this  union  the 
great  azygos  vein  is  formed. 

The  upjier  portions  of  the  left  posterior  cardinal  vein  remains  as  the 
left  superior  intercostal  and  vena  azygos  minor. 


ClKCULATIOX    OF    BlOOD    IX   THE    FcETUS. 

The  circulation  of  blood  in  the  foetus  differs  considerably  from  that 
of  the  adult.     It  will  be  well,  perhaps,  to  begin  its  description  by  trac- 
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mg  the  coiirse  of  the  blood,  whieh,  after  being  carried  out  to  the  pla- 

»e<mta  by  the  two  iimbiiical  arteries,  has  returned,  cleansed  and  replen- 
ished, lo  the  fcetns  by  the  umbilical  vein. 

It  is  ttt  first  conveyed  to  the  under  surface  of  the  liver,  and  there  tHe 
fitream  is  divided,— a  pwi  of  the  blood  passing  straight  on  to  the  in* 


FiK    'XTO  -Diagram  of  the  Fti?1*l  tHrrulatlfiii 

lefior  vena  cava,  through  a  venouft  canal  called  the  dwhta  w/zo^w*,  whib 
ibi  remainder  piisees  into  the  p>rtal  vein,  and  reaches  the  inferior  vena 
cava  only  after  circulating  through  the  liver.  Whether,  however,  by 
the  direct  route  through  the  ductus  veno«us  or  by  the  roundabout  Way 
through  the  liver,— all  the  blood  whii^h  is  returned  from  the  placenta  by 
the  umbilical  vein  reaches  the  inferior  vena  cava  at  last,  and  is  earried 
by  it  to  the  right  auricle  of  the  heart,  into  which  cavity  is  aluo  |K>uring 
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the  blood  that  has  circulated  in  the  head  and  neck  and  arms,  and  hag 
been  brought  to  the  auricle  by  the  superior  vena  cava.  It  might  be 
naturally  expected  that  the  two  streams  of  blood  would  be  mingled  in 
the  right  auricle,  but  such  is  not  the  case,  or  only  to  a  slight  extent 
The  blood  from  the  superior  vena  cava — the  less  pure  fluid  of  the  two- 
passes  almost  exclusively  into  the  right  ventricle,  through  the  auriculo- 
ventricular  opening,  just  as  it  does  in  the  adult;  while  the  blood  of  the 
inferior  vena  cava  is  directed  by  a  fold  of  the  lining  membrane  of  the 
heart,  called  the  EuHachian  valve^  through  the  foramen  ovale  into  the 
left  auricle,  whence  it  passes  into  the  left  ventricle,  and  out  of  this  into 
the  aorta,  and  thence  to  all  the  body,  but  chiefly  to  the  head  and  neck. 
The  blood  of  the  superior  vena  cava,  which,  as  before  said,  passes  into 
the  right  ventricle,  is  sent  out  thence  in  small  amount  though  the  pul- 
monary  artery  to  the  lungs,  and  thence  to  the  left  axiricle,  as  in  the 
adult.  The  greater  part,  however,  by  far,  does  not  go  to  the  lungs,  but 
instead,  passes  through  a  canal,  the  ductus  arteriosus^  leading  from  the 
pulmonary  artery  into  the  aorta  just  below  the  origin  of  the  three  great 
vessels  which  supply  the  upper  parts  of  the  body;  and  there  meeting 
that  part  of  the  blood  of  the  inferior  vena  cava  which  has  not  gone  into 
these  large  vessels,  it  is  distributed  with  it  to  the  trunk  and  lower  parts, 
— a  portion  passing  out  by  way  of  the  two  umbilical  arteries  to  the 
placenta.  From  the  placenta  it  is  returned  by  the  umbilical  vetw  to  the 
under  surface  of  the  liver,  from  which  the  description  started. 

Changes  after  Birth. — After  birth  the  foramen  ovale  closes,  and  so 
do  the  ductus  arteriosus  and  ductus  venosus,  as  well  as  the  umbilical 
vessels;  so  that  the  two  streams  of  blood  which  arrive  at  the  right  auri- 
cle by  the  superior  and  inferior  vena  cava  respectively,  thenceforth 
mingle  in  this  cavity  of  the  heart,  and  passing  into  the  right  ventricle, 
go  by  way  of  the  pulmonary  artery  to  the  lungs,  and  through  these  after 
purification,  to  the  left  jjuricle  and  ventricle,  to  be  distributed  over  the 
body. 

The  Nervous  System. 

The  Cranial  and  Sjyinal  Nerves. — The  cranial  nerves  are  derived  from 
a  continuous  band,  called  the  neural  band.  They  are  formed  before  the 
neural  canal  is  complete.  The  neural  band  is  made  up  of  tw^o  lamime 
going  from  the  dorsal  edges  of  the  neural  groove  to  the  external  epiblast. 
It  becomes  separated  from  the  epiblast,  and  then  forms  a  crest  attached 
to  the  upper  surface  of  the  brain.  The  posterior  roots  of  the  spinal 
nerves  arise  tis  outgrowths  of  median  processes  of  cells  from  the  dorsal 
side  of  the  spinal  cord,  which  become  attached  laterally  to  the  spinal 
cord  as  their  original  point  of  attachment  disappears.  The  anterior 
roots  probably  arise  from  the  ventral  part  of  the  cord   as  a  number  of 
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etramls  for  eacli  nerve.  They  appear  kiter  tlmii  the  posterior  roota. 
The  riMlimeut  of  the  posterior  root  is  differentiated  into  a  proximal 
round  nerve  connected  to  the  cord»  a  ganglionic  portion  and  a  distal 
portion.     To  the  \ust  the  anterior  nerve-root  becomes  attached. 

77te  iSjjinai  Cord. — The  spinal  cord  conaiats  at  first  of  the  undiffer- 
entiated epiblast  of  the  walls  of  the  neural  canal,  the  cavity  of  which  is 
large^  with  almost  parallel  sides.  The  walls  are  at  first  composed  of 
elongated  irregnlnr  nneleuted  columnar  cells,  arranged  in  a  radiate 
manner.  The  cavity  then  becomes  narrow  in  the  middle  and  of  an 
Lour-glasB  shape  (fig.  501).     When  the  spinal  nerves  make  their  first 


IHafiTi'tim  (»f  dt'Tt^lopnit'nt  of  Hplnal  *>oriii,     re,  central   eAnal;<tA  anterior  flwiapp;  p/, 
*  rftsHure;  E/,  irray  Miart<?r;  ir,  whiu*  Mia.tter,     For  further  f*spuinniion^  »tm  text. 


appearance,  about  the  fonrtli  day  in  the  chick,  the  epiblastic  walls  lie- 
come  differentiated  into  three  parts:  (a)  the  epithelium  lining  the  central 
canal;  (b)  the  gray  matter;  (r)  the  external  white  nnitter.  The  last  is 
derived  from  the  outermost  part  of  the  epiblastic  walls  by  the  conversion 
of  the  cells  into  longitudinal  nerve*fihres.  The  fibres  l)eing  without  any 
myelin  sheath,  are  for  a  time  gray  in  appearance.  The  white  matter 
corres|Hjnds  in  position  to  the  anterior  and  posterior  nerve-roots,  and 
are  the  anterior  and  posterior  white  cnliimns.  It  is  at  first  a  very  thin 
layer,  but  increases  in  thickness  until  it  covert?  the  whole  cord.  The 
gray  matter  too  arises  from  the  cells  by  their  being  prolonged  into  fibres. 
The  change  in  the  centra!  cells  is  sufiiciently  obvious.  The  anterior  and 
posterior  cornua  of  gray  matter  and  the  anterior  gray  commissure  then 
appear.  The  anterior  fissure  is  formed  on  the  fifth  day  by  the  growth 
downward  of  the  anterior  cornua  of  gray  matter  toward  the  middle 
line.  The  posterior  fissure  is  formed  later.  The  whole  cord  now  be- 
comes circular.     The  posterior  gray  commissure  is  then  formed. 

When  it  first  appears,  the  spinal  cord  occupies  the  whole  length  of 
the  medullary  canid,  but  as  development  proceeds,  the  sjiinal  column" 
grows  more  rapidly  than  the  contained  cord,  so  that  the  latter  appears 
as  if  drawn  np  till,  at  birth,  it  is  opposite  the  third  lumbar  vertebra, 
and  in  the  atlult  opposite  the  first  lumbar.  In  the  same  way  the  in- 
creasing obliquity  of  the  spinal  nerves  in  the  neural  canalj  as  we  approach 
the  lumbar  region,  and  the  rnuda  equina  at  the  lower  end  of  the  cord, 
are  accounted  fnr. 

Brain. — We  have  seen  that  the  front  portion  of  the  medullary  canal 
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is  almost  from  the  flret  wideneti  out  and  divided  into  three  ^mdm. 
From  the  anterior  vesicle  (tlialamencephalon)  the  two  primurT  optic 
vesicles  lire  budded  off  laterally;  their  further  history  will  be  tmo^  t& 
the  next  section,  Somewhiit  later,  from  the  same  veeicle  the  mdtme&lft 
of  the  hemispheres  appear  in  the  form  of  two  outgrowths  at  a  higher 
level,  which  grow  upward  and  backward.  These  form  tht  prmn* 
cep/mlon. 

In  the  walls  of  the  posterior  (third)  cerebral  vesicle,  a  thickisuif 
appears  (nidimentary  eerebcUum)  which  becomes  aepifcrat^d  from  tin 
rest  of  the  vesicle  by  a  deep  inilection. 

At  this  time  there  are  two  chief  curvatures  of  the  brain  (fig*  W), 
(1.)  A  sharp  bend  of  the  whole  cerebral  mass  downward  round  thee&d 


Fig.  502.— Ewly  sLa^  iu  development  of  himiao  hmln  (tnoi^fled).  1,  t.  *,  mre  from  aa 
embryn  about  wven  wi'<eKH  old ;  4.  abtiut  thrt^  uiontliD  old.     m,  iiiiildle  cerebral  ^reticle  Cinmia 

fuudibulum ;  F!k  ^  shows  thw  at^vt^ral  curves  which  wfur  iu  the  ixmrse  of  developiaaiC;  hf, 
4  [«t  a  lAteral  vi«*w,  Khonin^  the  i^reat  vtilorgi'icnt^nt  of  the  <3en^hr&I  heiiiispber«»s  wllidl  lM«f* 
covered  Id  the  thiUanil,  leavlnif  the  optic  h>t>e,'«.  m.  iiDcov^TPd.     (KftUiker. ) 

X.  B.— In  Fie;.  'J  the  liue  i  tenuinatea  In  ihe  right  heinispJiere:  it  ou|rht  to  be  oontimaed  ma 
the  thiihmiencppJmloi]i. 

of  the  notochord,  by  which  the  anterior  vt^iele,  which  was  the  highest 
of  the  three,  ia  bent  downward,  and  the  midille  one  oomes  to  oceopj 
the  highest  position.  (2.)  A  sharp  bend,  with  the  convexity  forward, 
which  runs  in  from  behind  beneath  the  rudimentary  cerebellum  sepa- 
rating it  from  the  medulla. 

Thus,  6ve  fundamental  parts  of  the  fcBtaJ  brain  may  be  distinguiihed, 
which,  together  with  the  parts  developed  from  them,  may  be  praonted 
in.  the  following  tabular  view : — 
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Tahje  of  Parts  developed  from  Fundamental  Parts  of  Brain. 


n. 


\in. 


Anterior 
Primary 

or  Fore- 
brain. 


MiddJe 

Primary 

Veeicle. 

orMid> 

brain. 

Ptjsttriar 

Prmiary 

Vesicle, 

or  Hind- 

bra^in. 


First    Secoiwlary    Vesicle 
of  Prosencephalon. 


Second  Secondary  Vesicle 
or  TiialamencFphalon 
iDieniMz-phalun). 


Anterior  eml  of  third  ventricle, 
foramen  of  Monro,  lateral  ven- 
tricles, cerebral  hemispheres, 
cor|Kmi  striata,  cor]>iiscallosuni, 
foraix,  lateral  ventricles,  olfac- 
tory hulb. 

Til  a  lam  i  optiei.  pineal  gland,  part 
of  pituitary  body,  third  ventri- 
cle, optic  nerve  and  retinn.  in- 
fnndibulum. 


Third    Secomlary  Vesicle  J  Corpora  quad rigeraina,  cnira  cero* 
or    Metiencepiialon.         )       bri,   iwiueduet  of  Sylvius, 


Fourth  Secondary  Vesicle 
or  Epencephalon. 

Fifth  84X'ondar>^  Vesicle 
or  Meteneephalon, 


t^ ., ^     (  Ceret>ellum,    poos. 


gata. 


(Quain.) 


The  cerebral  hemispheres  grow  rapidly  upward  and  backward,  while 
from  their  iaferior  surface  the  olfactory  bo  lbs  are  budded  off,  and  tbe 
prosencephalon,  from  which  they  spring,  remains  to  form  the  third  ven- 
tricle and  optic  thalami.  The  middle  cerebral  vesicle  (meseneephiUon) 
for  some  time  is  the  most  prominent  part  of  the  ftPtal  brain,  and  in 
fishee,  amphibia,  and  reptiles,  it  remains  uncovered  throngh  life  as  the 
optic  lobes.  But  in  birds  the  growth  of  tbe  cerebral  hemispheres  thrustB 
the  optic  lobes  doT*Ti  laterally,  and  in  mammalia  completely  overlaps 
them. 

In  the  lower  mammalia  the  backward  growth  of  the  hemispheres 

ceases  as  it  were,  but  in  the  higher  groups,  such  aa  the  monkeys  and 

^  man,  they  grow  still  further  back,  until  they  completely  cover  in  the 


» 
^ 


Wig.  aOR,— Sid*^  Tiew  of  tn-tAl  brafn  at  six  months,  showinif  Cfumnwicemenr  of  forrnAitlm)  of 
the  principal  flssur€4i  and!  eon  volutions,     F,  fi-ont«l  lot>e-  f\  jutrielal ;  O,  *«vipitah  T,  temporal 


a  It  a,  ccimineiicinf  ffoEit»l  eoavolutiooH, 
it  the  cflDtral  lobe  or  iBlatid    of  Rcil; 

WjlgDWO 


Svlvmn   tiivnitv;  s\  its  ant^^rior  tJi vision;  r,  wiUiio 
Itskiuv   of  Rolando;  p,  per|K?ndicular   Hasure.     CBL 


•cerebellum,  so  that  on  looking  down  on  the  brain  from  alnive,  the  cere- 
bellum is  quite  concealed  from  view.  The  surface  of  the  hemispheres 
18  at  first  quite  smooth,  but  as  early  as  the  third  month  the  great  Sylvian 
:fi88ore  begins  to  be  formed  (fig.  503). 
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The  next  to  appear  is  the  parieto-occipital  or  perpendicular  fissnre; 
these  two  great  fissures,  unlike  the  rest  of  the  sulci,  arc  formed  by  a  earr- 
ing round  of  the  whole  cerebral  mass. 

In  the  sixth  month  the  fissure  of  Rolando  appears :  from  this  time 
till  the  end  of  foetal  life  the  brain  grows  rapidly  in  size,  and  the  convo- 
lutions appear  in  quick  succession;  first  the  great  primary  ones  are 
sketched  out,  then  the  secondary,  and  lastly  the  tertiary  ones  in  the 
sides  of  the  fissures.  The  commissures  of  the  brain  (anterior,  middle, 
and  posterior),  and  the  corpus  callosum,  are  developed  by  the  growth  of 
fibres  across  the  middle  line. 

The  Hippocampus  major  is  formed  by  the  folding  in  of  the  gray 
matter  from  the  exterior  into  the  lateral  ventricles.  The  ^sential  points 
in  the  structure  and  arrangement  of  the  various  parts  of  the  brain,  are 
diagrammatically  shown  in  the  two  accompanying  figures  (figs.  502,  503). 

The  Special  Sense  Organs. 

The  Eye. — Soon  after  the  first  three  cerebral  vesicles  have  become 
distinct  from  each  other,  the  anterior  one  sends  out  a  lateral  vesicle  from 
each  side  (primary  optic  vesicle),  which  grows  out  toward  the  free  sur- 
face, its  cavity  of  course  communicating  with  that  of  the  cerebral  vesicle 
through  the  canal  in  its  pedicle.     It  is  soon  met  and  invaginated  by  an 


Fip.  504.— Longitudinal  R<»ction  of  the  primary  optic  vesiclt*  in  the  chick  ma^rnified  (f mm 
Remak).— A,  from  an  embrv'o  of  sixty-flvf  hours;  B,  a  few  hours  lator;  C,  of  the  fourth  day:  c. 
the  come<-)US  layer  or  epiJermis,  presenting;  in  A  the  open  depreKsion  for  the  lens,  "which  »s 
closed  in  B  and  C;  Z.  the  lens  follicle  and  lens;  pr,  th-^  primary  optic  v€?«icle;  in  A  and  B.  ih^ 
pedicle  is  shown;  in  C,  the  st»ction  being  to  the  side  of  the  pedicle,  the  latter  is  not  shown;  r. 
the  secondary  ocular  vesicle  and  vitrt»oas  humor. 

ingrowing  process  from  the  o]>iblast  (fig.  504),  very  much  as  the  grow- 
ing  tooth  is  met  by  the  process  of  epithelium  which  produces  the  enamel 
organ.  This  process  of  tlie  ei)iblast  is  at  first  a  depression,  which  nlti- 
mately  becomes  closed  in  at  the  edges  so  as  to  produce  a  hollow  ball, 
which  is  thus  completely  severed  from  the  epithelium  with  which  it  was 
originally  continuous.  From  this  hollow  ball  the  crystalline  lens  is 
developed.  The  way  in  which  this  occurs  hiis  been  indicated  in  a  pre- 
vious chapter  under  the  head  of  structure  of  the  lens.  By  the  ingrowth 
of  the  lens  the  anterior  wall  of  the  primary  optic  vesicle  is  forced  back 
nearly  into  contact  with  the  posterior,  and  thus  the  primary  optic  vesi- 
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cle  is  almost  oblitenit-Bl.  The  cells  in  the  anterior  wall  are  much  longer 
than  those  of  the  posterior  wall;  ffoni  the  former  the  retina  proper  is 
developed,  from  the  latter  the  retinal  pigment 

The  cup-shaped  hollow*  in  w^hioh  the  lens  h  now  lodged  is  termetl 
the  secondary  optic  vesicle:  its  walls  grow  up  all  round,  leaving,  how- 
ever^ a  glit  at  the  lower  part. 

Cltftroifial  Fissure. — Through  this  slit  (fig*  500),  often  termed  the 
choroidal  Jissttre^   a  proeeaa  of  meaoblaat  containing  numerous  blood- 


Fifr.  flcft. 


Fl^.  50tt. 


I 


Fi(r.  505— Diagrammatic  iketch  of  a  vertical  Jongrftudinal  auction  tJiroii(?h  tht»  eyeball  of  a 
humnn  fa?tus  of  four  week*.  The  BWJtion  H  a  Utile  to  th«*  Mitle,  i»o  iw  to  avoid  ftasHing  througb 
Iht*  ocular  eleft;  r.  Oih  ciittolt*  when?  it  becoDies  lat<nr  thr*  corneal  ♦•pithpliiim;  f,  th**  leni;  op, 
optie  nerve  formed  by  tlie  t>i*tifi'le  of  tb*'  primary  optic  vesicle:  rjj,  primar>'  ra^nluJlan'  cavity  or 
optic  vesicle;  ;i,  tht*  plgmtfnt  lay**r  of  tn©  retina:  r,  the  inner  wall  fornjirijg'  the  retina  prop<?r; 
««,  ■eooodory  optic  vt»srcle  rontalalnir  the  rudhueut  of  the  vitr^iui*  hutuor.      <  1<)0.     (Kfdlikerj 

Fig.  506.— TranKvers^  venical  section  of  the  t.'yehall  of  a  human  embryo  <if  four  wif  ks*.  Th« 
interior  half  of  the  Hoctmn  is  represented :  pt,  the  remains  of  the  cavity  of  tht*  primarj^  «jptie 
TesicJp;  p,  the  inner  part  of  the  out*?r  layer  formlnff  the  retinal  piKxnent;  r,  the  thlekenert  Inner 
part  Kivm^  riw^  to  the  cohtninar  aiml  other  tttnietures  r*f  fhe  r*»tma;  r,  the  eommencine  vitreouA 
hmiior  wrUhln  the  secondary  optic  vesicle;  v\  the  ovular  cieft  through  which  the  lix>p  of  the 
central  bl*xKl-ve«sel,  a,  projects  from  helow;  i»  the  Jens  with  a  oeDtral  cavity.  X  100, 
(Ktilllker.) 


vessels  projects,  and  occupies  the  cavity  of  the  secondary  optic  Tesicle 
behind  the  lens,  lilling  it  with  vitreous  hnmor  and  furnishing  the  lens 
capsule  and  the  capsolo- pupillary  membrane.  This  process  in  mammals 
projects,  not  only  into  the  secondary  optic  vesicle,  hut  also  into  the 
pedicle  of  the  primary  optic  vesicle  invaginating  it  for  some  distance 
from  beneath,  and  thus  carrying  up  the  arierin  centra! in  reiinw  into  its 
permanent  position  in  the  centre  of  the  optic  nerve. 

This  invaginiition  of  the  optic  nerve  does  not  occur  in  hirds^  and 
consefjuently  no  arteria  centralis  retiuie  exists  in  them.  But  they  poa- 
8ei8  an  important  permanent  relic  of  the  original  protrusion  of  t!ie  meao- 
blast  tlirough  the  choroidal  fissure,  in  the  pedeny  while  a  remnant  of 
the  same  fissure  sometimes  occurs  in  man  under  the  name  colohoma  iri- 
dis.  The  cavity  of  the  primary  optic  vesicle  becomes  completely  obliter- 
ated, and  the  rods  and  cones  growing  up  from  the  external  limiting 
membrane,  get  into  apposition  with  the  pigment  layer  of  the  retina. 
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The  inner  segments  of  the  rode  become  the  first  formed,  iben  llie  ^i 

The  cavity  of  its  pedicle  disappears  and  the  solid  optie  motfm  m  ; 
Meanwhile  the  cavity  which  existed  in  the  cetitre  of  the  prtmiiif^  loM 
tjecomes  filled  np  by  the  growth  of  iibretj  from  its  posterior  wml\.  The 
epithelinm  of  the  oornoa  is  developed  from  the  epibla^t,  whil«  ike  t?«r. 
neal  tissue  proper  is  derived  from  the  mesoblast  which  intervunM  bdw^etft 
the  epi blast  and  the  primitive  lens  which  was  originally  ootitinfkoUA 
with  it.  The  sclerotic  coat  \^  developed  ronml  the  eyeball  from  liit 
general  meao blast  in  which  it  is  embedded.  The  choroid  id  developed 
from  the  mcsobla^t  on  the  outside  of  the  optic  cup  and  the  iris  by  the 
growing  forwtinl  of  the  anterior  edge  of  the  optic  eup,  both  layers  erf 
which  becoming  pigmented  remain  as  the  uvea.  Externally  the  cho- 
roidal mcsoblast  grows  inward  to  form  the  main  strneture.  The  ciliarT 
procofisoa  arise  from  the  hypertrophy  of  the  edge  of  the  optic  cup  which 
forms  folds  into  which  the  choroidal  mesoblast  grows,  and  in  whioh 
blood-vessels  and  pigment-cellg  develop. 

The  iris  is  formed  rather  lute,  tw  a  circular  septum  projecting  in- 
ward, from  the  fore  part  of  the  choroid,  between  the  lens  and  the 
cornea.  In  the  eye  of  the  fa>tus  of  mammalia,  the  pupil  is  closed  by  a 
delicate  membrane,  the  membrntia  pupilhris,  which  forms  the  front  por- 
tion of  a  highly  vascular  membrane  that,  in  the  foetus,  sarroands  ti» 


FlfT.  B07.— Blooit-T«ri«eU  of  ibe  eapmlo-pupilUuT  i 
The^  drawhti?  Is  UkflB  frfNii  « iirvpwtitioii  rnjeeled  hj 
oo<iv4>ri;vtu.^  of  the  D««'Work  of  TeaseU  In  the  pupinanr 


(KAlUfew  > 


lens,  and  is  named  the  membrami  mpsnh-piipillMnM  {fig,  M7).  it  is 
supplied  with  blood  by  a  branch  of  the  nrterin  rfntrtiUM  nii$HB^  whi6k^ 
passing  forward  to  the  back  of  the  lens,  there  subdivides*  Thu  weaiH 
brana  capsulo-pupillaris  withers  and  disappears  in  the  hanuiti  sobjed  ■ 
short  time  before  birth. 

The  eyelids  of  the  human  subject  and  mammiforoas  aniniml%  like 
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thaid  of  birds^  are  Urst  developed  in  the  farm  of  a  ring.  They  then  ex- 
tend ov^r  the  globe  of  the  eye  until  they  meet  and  become  firmly 
agglutinated  to  each  other.  But  before  birth,  or  in  the  carnivora  after 
birth,  they  agaii^  separate. 

The  Ear. — Very  early  in  the  development  of  the  embrj^o  a  depress 
sion  or  ingrowth  of  the  epiblast  occars  on  each  side  of  the  head  which 
deepens  and  uoon  becoines  a  olosed  foUicIe.  Th'iB  }rrimarp  opHc  vesicle^ 
which  clofiely  corresponds  in  itts  formation  to  the  lens  follicle  in  the  eye^ 
sinkH  down  to  some  distance  from  tlie  free  surface;  from  it  are  developed 
the  epitlielial  lining  of  the  memhrmious  labyrinth  of  the  internal  ear, 
consisting  of  the  vestibtde  and  its  seuiioirenlar  canals  and  the  scala  media 
of  the  cochlea.  The  surrounding  mesoblast  gives  rise  to  the  various 
fibrous  bony  and  cartilaginona  parts  which  complete  and  inclose  this 
membranous  labyrinth,  the  bony  semicircular  canals,  the  walls  of  the 
cochlea  with  its  scala  veatibuli  and  scala  tympani.  In  the  mesoblast 
between  the  primary  optic  vesicle  and  the  brain,  the  auditory  nerve  is 
gradually  difiFerontiated  and  forms  its  central  and  peripheral  attachments 
to  the  brain  and  internal  ear  respectively.  According  to  some  authori- 
ties, however,  it  is  said  to  take  it^  origin  from  and  grow^  out  of  the  hind 
brain. 

The  Eustachian  tube,  the  cavity  of  the  tympanum,  and  the  extemid 
anditory  passage,  are  reniuins  of  the  first  branchial  cleft.  The  nicm- 
bruna  tympaiii  divides  the  cavity  of  this  cleft  into  an  internal  8t>ace, 
the  tympanum,  and  the  external  meatus.  The  mucous  membrane  of 
the  mouth,  which  is  prolonged  in  tlic  form  of  a  diverticuhim  through 
the  Eu*4tachian  tube  into  the  tymptniiun,  and  the  extcrnid  cutaneous 
system  come  into  relation  with  each  other  at  this  point;  the  tw^o  mem- 
branes being  separated  only  by  the  proper  membrane  of  the  tympannm. 

Tlie  pinna  or  external  ear  is  dcvelojted  from  a  process  of  integument 
in  the  neighborhood  of  the  first  and  second  visceral  arches,  and  probably 
corresponds  to  the  gill-cover  {o|mrenlum)  in  fishes. 

The  Nose. — The  nose  originates  like  the  eye  and  ear  in  a  depression 
of  the  superficial  epiblast  at  each  side  of  the  fronto-nasal  procc^ss  (pri- 
mary olfactory  groove),  which  is  at  first  completely  separated  from  the 
cavity  of  the  mouth,  and  gradually  extends  backward  and  downward  till 
it  opens  into  the  mouth. 

The  outer  angles  of  the  fronto-nasal  process,  uniting  with  the  max- 
illary process  on  each  side,  convert  wiiat  wajj  at  first  a  groove  into  a 
clofled  canal, 

Thb  Alimentaby  Canal. 

Tfc^  alimentary  canal  in  the  earliest  stages  of  its  development  con- 
sists of  three  distinct  parts — the  fore  and  hind  gut  ending  blindly  at 
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each  end  of  the  body,  and  a  middle  segment  which  communicatee  freely 
on  its  ventral  surface  with  the  cavity  of  the  yolk-sac  through  the  vitel- 
line or  omphalo-mesenteric  duct. 

From  the  fore-gut  are  formed  the  pharynx,  oesophagus,  and  stomach; 
from  the  hind-gut,  the  lower  end  of  the  colon  and  the  rectum.  The 
mouth  is  developed  by  an  involution  of  the  epiblast  between  the  maxil- 
lary  and  mandibular  processes,  which  becomes  deeper  and  deeper  till  it 
reaches  the  blind  end  of  the  fore-gut,  and  at  length  communicates  freely 
with  the  pharynx  by  the  absorption  of  the  partition  between  the  two. 

At  the  other  end  of  the  alimentary  canal  the  anus  is  formed  in  a  pre- 
cisely similar  way  by  an  involution  from  the  free  surface,  which  at  length 

A 


Fig.  508.— Outlines  of  the  form  and  position  of  the  alimentary  canal  in  successive  sta^^es  (rf 
its  development.  A,  alimentary  canal,  etc..  in  an  embryo  of  four  weeks;  B,  at  six  weeks;  C  at 
eight  weeks;  D,  at  ten  weeks;  C  the  primitive  lungs  connected  with  the  pharynx;  s,  thestooimch; 
d,  duodenum ;  t,  the  small  intestine ;  i',  the  large ;  c,  the  csBcum  and  vermiform  appenda^ ;  r,  the 
rectum;  cl,  in  A,  the  cloaca;   a,  in  B,  the  anus  distinct  from  a  t,  the  sinus  urogenitalis;  r.  the 

{^olk-sac ;  v  i\  the  vitello-intestinal  duct ;  u,  the  urinary  bladder  and  urachus  leading  to  the  &!• 
antois;  g,  genital  ducts.     (Allen  Thomson.) 

opens  into  the  hind-gut.-  When  the  depression  from  the  free  surface 
does  not  reach  the  intestine,  the  condition  known  as  imperforate  anus 
results.  A  similar  condition  may  exist  at  the  other  end  of  the  alimen- 
tary canal  from  the  failure  of  the  involution  which  forms  the  mouth,  to 
meet  the  fore-gut.  The  middle  portion  of  the  digestive  canal  becomes 
more  more  and  closed  in  till  its  originally  wide  communication  with  the 
yolk-sac  becomes  narrowed  down  to  a  small  duct  (vitelline).  This  duct 
usually  completely  disappears  in  the  adult,  but  occasionally  the  proximal 
portion  remains  as  a  diverticulum  from  the  intestine.  Sometimes  a 
fibrous  cord  attaching  some  part  of  the  intestine  to  the  umbilicus,  re- 
mains to  represent  the  vitelline  duct.  Such  a  cord  has  been  known  to 
cause  in  after-life  strangulation  of  the  bowel  and  death. 
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The  alimentary  canal  liea  in  the  form  of  a  straight  tube  close  beneath 
the  vertebral  column,  but  it  gradually  becomea  divided  into  ite  special 
purta,  etomach,  gmall  intestine,  and  large  intestine  (tig.  508),  and  at 
the  Btime  time  comes  to  be  suspended  in  tlie  abdominal  cavity  by  means 
of  a  lengthening  mesentery  formed  from  the  gplanchnopleure  which  at- 
taches it  to  the  vertebral  column.  The  stomach  originally  has  the  same 
direction  iis  the  rest  of  the  canal;  its  cardiac  extremity  being  superior, 
its  pylorus  inferior,  Tlie  changes  of  position  which  the  alimentary  canal 
undergoes  may  be  readily  gathered  iroin  the  accompanying  figures  (fig. 
508). 

Pancreas  and  Salivary  Glands. — The  principal  glands  in  connec- 
tion with  the  intestinal  canal  are  the  salivary,  pancreas,  and  the  liver. 
In  mammalia,  each  salivary  gland  first  appears  as  a  simple  (^nal  with  bud* 


Tig.  500.— Lobules  of  the  porutul,  with  the  HAUvar>'  JitcU,  la  the  i^Enbrjo  of  the  fthn^p^  nt  a  mors 

advaQcedl  «tage, 

like  processes  (fig.  50D),  lying  in  a  gelatinous  nidus  or  blastema,  and 
communicating  with  the  cavity  of  the  mouth.  As  the  development  of 
the  gland  advances,  the  C4inal  becomes  more  and  more  ramified,  increas- 
ing at  the  expense  of  the  blastema  in  which  it  is  still  inclosed.  The 
branches  or  salivary  ducts  constitute  an  independent  system  of  closed 
tubes  (fig,  509).  The  pancreas  in  developed  exactly  as  the  salivary 
glands,  but  is  developcfi  from  the  hypoblast  lining  the  intestine,  while 
the  salivary  glands  are  formed  from  the  cpi blast  lining  the  mouth. 

The  Liver. — ^The  liver  is  developed  by  the  protrusion,  as  it  were, 
of  a  part  of  the  walls  of  the  fore-gut,  in  the  form  of  two  conical  hollow 
branches,  which  embrace  the  common  venous  stem  (figs.  510,  511),     The 
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outer  part  of  these  conos  inYolT€«  the  omphalo-mesenteric  rmsx^  wiiich 
breaks  up  in  its  interior  into  a  plexus  of  capillaries^  ending  in  Tenoot 
trunks  lor  the  cooYeyance  of  the  blood  to  the  heart.  The  inner  partioQ 
of  the  eones  consists  of  a  number  of  solid  cylindrical  maasBt  of  mSk^ 


Tig.  510.— DiAjpram  of  part  of  dlffectire  tract  of  a  ehick  ^4tfa  da 


The  bl«ck  line  1 

hjrpobTasts  the  outer  stiAiJIuir  inesobriist :  Ig^  luaji  divi>rticQltuii  ^(th  erposded  caod  f oraiinf  frl- ] 
marr  luQg-veeicle ;    St,  atoirioch;  L  two  heuafic  divert  ictiln,  with  their  terxninji^oiii;  r  **  '  "^ 
solid  rows  of  hypoblail  cells;  p,  diverticulum  of  the  pokucreas  with  the  TCfilenlar  '^ 
conatng  from  it     (Qotle.) 


derived  probably  from  the  hypoblast,  which  become  gradually  hollowed  1 
by  the  formation  of  the  hepatic  ducts,  and  among  which  blood-Teea 
are  rapidly  developed.     The  gland  cells  of  the  organ  are  derived  from 
the  hypoblast,  the  connective  tissue  and  vessels  without  doubt  from  t 


Ffg.  ini.— KiKJIments  «-if  the  liver  on  th»  intestine  of  a  chick  at  the  ftftli  day  of  iocubaiiM 
1,  heart;  %  iut«stme;  «,  dWerticultur.  of  the  iateBtine  io  whk'h  the  livtw  c<>  i« developed ;  5,  {an 
of  filie  muocms  layer  of  ttm  gtunalnaX  mejnbraiie.     (MailfT  i 

mesoblast.  The  gall-bladder  is  developed  as  a  di verticil Inm  from  tilt 
hepatic  duct.  The  spleen,  lymphatic,  and  thymus  glands  are  devei^ptd 
from  the  mesoblast:  the  thyroid  partly  also  from  the  hypofala^  wfiicE 
grows  into  it  as  a  diverticulum  from  the  foro^gtit. 


I 
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The  Resptratory  Apparatub. 

The  Lungs,  at  their  first  development,  appear  as  email  tubercles  or 
liyerticula  from  the  abdominal  surface  of  the  a^BOphagus. 

The  two  diverticula  at  first  open  directly  into  the  a^sophagus,  but  as 
they  grow,  a  separate  tnbe  {the  future  trachea)  is  formed  at  their  point 
of  fusion,  openiiig  into  the  oesophagus  on  its  anterior  surface.  These 
primary  diverticula  of  the  hypoblast  of  the  alimentary  canal  send  off 
secondary  branches  into  the  sarrounding  meso blast,  aud  these  again 
give  of!  tertiary  branches,  forming  the  air-cells.  Thus  we  have  the 
►  lungs  formed :  the  epitheliom  lining  their  air-cells,  bronchi,  and  trachea 
[being  derived  from  the  hypoblast,  and  all  the  rest  of  the  lung-tissue. 


•J"  f 


Fi^.  512  Illustrators  the  dcvelopnieiit  of  ths  Ttisptra,tcaj  orgKo*,  a,  Is  the  oBsoplm^s  of  a.  chick 
cm  tht»  fourth  day  of  tn(.ut>ntl»jn,  with  the  rudimwite  of  Uie  trachea  on  the  lung  of  tht-  \eii  ^^u\f, 
rlewtnl  tiaenilly ,  1,  the  iuferior  waH  of  th«  {BaophAgiis:  9.  the  upper  portion  of  the  sanit*  lultfi 
8,  the  nidiment^ry  lunc;  4,  the  stomach;  b^  Id  toe  sune  object  «ee&  troixi  be>low,  so  thut  Ixith 
lungH  ftrc*  irifiihle.  c,  ahowfi  thetoo^Qe  ami  n»pinitorj  orgnns  of  the  embryo  of  m  bone;  1,  the 
toD^e;  2,  the  laiyux;  S,  the  trachea;  4,  the  Imtgn  viewed  from  tbe  upper  side.    (After  Bsthke,) 

nerves,  lymphaticB,  and  blood-vessels,  cartilaginous  rings,  and  muscular 
fibres  of  the  bronchi  from  the  mesoblast.  The  diaphragm  is  early  de- 
veloped. 

The  Gbnito-Urlnaby  Apparatus. 

The  Wolffian  bodies  are  organs  pecoliar  to  the  embryonic  state, 
and  may  be  regarded  m  temporary,  rather  than  riidimental,  kidneys; 
for  although  they  seem  to  discharge  the  functions  of  these  latter  organs, 
they  are  uot  developed  into  them. 

The  Wolffian  duct  makes  its  appearance  at  an  early  stage  in  the  his- 
tory of  the  embryoj  as  a  cord  running  longitudinally  on  each  side  in 
the  mass  of  mesoblast,  which  lies  juat  externally  to  the  intermediate  cell- 
miiss  {itng^  fig.  513).  This  cord,  at  first  solid,  becomes  gradually  hol- 
lowed out  to  form  a  tube  (Wolffian)  which  sinks  down  till  it  projects 
beneath  the  lining  membrane  into  the  plenro-peritoneal  cavity. 

The  primitive  tube  thus  formed  sends  off  secondary  diverticula  at 

frequent  intervals  which  grow  into  the  surrounding  mesoblast :  tufts  of 

vessels  grow  into  the  blind  ends  of  these  tubes,  invaginating  them  and 

producing  Malpighian  bodies  very  similar  in  appearance  to  those  of  the 

SO 
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permanent  kidney,  whicli  conatitiite  the  substance  of  the  Wolffian  bodj. 
Meanwhile  another  portion  of  mesoblast  between  the  Wolffian  bodj  ami 
the  mesentery  projects  in  the  form  of  a  ridge,  covered  on  its  free  surface 


Fir.  518.— TnwwTewiesectloiiof  vmbryn  chick  (third  dayy 
primitive  central  caaal  has  become  cottttricted  in  the  midale; 


1 


mr,  rudimentary  gplnal  oord.  Om 

]e;  e/k,  uotochord:  w  IP  Ai,  ptimordJAt 

vertebral  ma^ ;  m,  muselfvplate ;  dr,  df^  hypoblast  and  viaceral  Umt  or  mmbmmtt  UdI^ 
groove,  which  1b  oot  yet  clr>sed  In  to  form  the  mtestines;  a  o,  one  of  the  primJave  marXm:  •  •> 
wolffian  body;  ung.  Wolffia^n  duct ;  t* c,  vezia  cardinal u:  h,  epiblaflt:  frjp«  mtmmXiopUBan  anilti 
roflectlon  feo  form  o/,  amniotic  fold;  p,  pleuro-porltoiieiu  cavity.     (KClUlDBr.)  


p 


with  epithelium  termed  ffeftn  epithelium.     From  this  projection  is 
veloped  the  reprodnctive  gland  (ovary  or  testis  as  the  case  may  be). 

Simultaneously,  on  the  outer  wall  of  the  Wolffian  body,  between  it 
and  the  body- wall  on  each  side,  an  involution  is  formed  from  the  pleoro- 
peritoneal  cavity  in  the  form  of  a  longitudinal  furrow,  whose  edges  socm 
close  over  to  form  a  duct  (Muller'a  duct). 

All  the  above  points  are  shown  in  the  accompanying  figures,  513,  514, 
The  Wolffian  bodies,  or  temporary  kidneys,  as  they  may  be  termed, 
give  place  at  an  early  period  in  the  human  foetus  to  their  succesBorg,  the 
permanent  kidneya,  which  are  deyeloped  behind  them.  They  diminish 
rapidly  in  size,  and  by  the  end  of  the  third  month  have  almost  entirely 
disappeared.  In  connection,  however,  with  their  upper  part,  in  thej 
ma!e^  there  are  developed  from  a  new  mass  of  blastema,  the  rasa  efft 
rentia^  coni  vasculosis  Vknd  globus  major  ol  the  epididymis;  and  thus 
brought  about  a  direct  connection  between  the  secreting  part  of  th& 
testicle  and  its  duct.  The  Wolffian  ducts  persist  in  the  maie^  and  are 
developed  to  form  the  body  and  globus  minor  of  the  epididymiB,  the  tm 
deferens,  and  ejaculatory  duct  on  each  side,  the  vesicnise  seminaleB  form- 
iog  diverticula  from  their  lower  part.  In  the  female  a  small  relic  of. 
the  Wolffian  body  persists  as  the  jmrovarinm;  in  the  male  a  similar  reliO; 
is  termed  the  organ  of  Giraldis,  The  lower  end  of  the  Wolffian  du^ 
remains  in  the  female  as  the  duct  of  Gaeriner  which  descends  toward, 
and  is  lost  upon,  the  anterior  wall  of  the  vagina, 


I 

I 
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From  the  lower  and  of  the  Wolffian  duct  a  diverticulum  grow8  buck 
long  the  body  of  the  embryo  toward  its  anterior  extremity,  and  ulti- 
jznateJj  forms  the  ureter.     Secsondary  diverticula  are  given  off  from  it 
[and  grow  into  the  surrounding  blastema  of  blood- veseela  and  cells. 

Malpighiaii  bodies  are  formed  just  as  in  the  Wolffian  body,  by  the 
ivaginaiion  of  the  blind  knobbed  end  of  these  diverticula  by  a  tuft  of 
els.  This  process  is  precisely  similar  to  the  invagination  of  the  pri- 
aaiy  optic  vesicle  by  the  rudimentary  lens.  Thus  the  kidney  is  devel- 
oped, consisting  at  first  of  a  number  of  separate  lobules;  this  condition 
remaining  throughout  life  in  many  of  the  lower  animals,  e,g,^  seals  and 
whales,  and  traces  of  this  lobulation  being  visible  in  the  human  fietus  at 
birth.     In  the  adult  all  the  lobules  are  fused  into  a  compact  solid  organ. 


Fig.  514.— Section  of  iDtermediate  ceU-masii  on  the  fourth  day,    m,  meaentery;  L,  aomato- 

~   ;  n,  i^ermlnal  epltheUum.  from  which  t,  the  duct  of  HQIler,  ttecomes  )nvolut«d;  a,  thick- 

MTtiit  germiuai  c^pithelium  in  which  the  primitive  ora  O and o,  &re  lylnff:  J?,  modiOe^l 

tlo^^  whiuh  wUl  fiirm  the  ertrooia  of  tlie ovary;  WK^  Wolffian  body;  v.  Wolffian  duct;  x 

(Wiildt'yer.) 


The  supra-renal  capsules  originate  in  a  mass  of  mesoblast  jast  aboTe 
the  kidneys;  soon  after  their  first  appearance  they  are  very  much  larger 
than  the  kidneys  (see  tig.  515),  but  by  the  more  rapid  growth  of  the 
latter  this  relation  h  soon  reversed. 

The  first  appearance  of  the  generative  gland  has  been  already  de- 
scribed: for  some  time  it  is  impossible  to  determine  whether  an  ovary 
or  testis  will  bo  developed  from  it;  gradually  however  the  special  char- 
acters belonging  to  one  of  them  appear,  and  in  either  case  the  organ 
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soon  begins  to  assume  a  relatively  lower  position  in  the  body;  the  OTaries 
being  ultimately  placed  in  the  pelvis;  while  toward  the  end  of  foeud 
existence  the  testicles  descend  into  the  scrotum,  the  testicle  entering 
the  internal  inguinal  ring  in  the  seventh  month  of  foetal  life,  and  com- 
pleting its  descent  through  the  inguinal  canal  and  external  ring  into 
the  scrotum  by  the  end  of  the  eighth  month.  A  pouch  of  peritoneum, 
the  processtis  vaginalis^  precedes  it  in  its  descent,  and  ultimately  fonu 


wf 


Fi^.  615.— Diag:raui  showing  the  relations  of  the  female  (the  left-hand  figure  9  )  and  of  the 
male  (the  right-hand  figure  i  )  reproductive  organs  to  the  general  plan  (the  middle  flgnre  of 
these  organs  in  the  higher  vertebrata  (including  man).  C /,  cloaca:  R,  rectum:  B  I,  lirinan,' 
bladder:  C"^.  ureter;  A",  kidney;  C^  A.  urethra;  C,  genital  gland,  ovary,  or  t<»st is:  ir.  WolfBia 
IxKly;  W d,  Wolflfian  duct;  M,  MUllerian  duct;  Pa  f,  prostate  gland;  C p,  Cowx)er's  gland;  Csp, 
corpus  spongiosum :  C  r,  corpus  cavemosum. 

In  the  female.  — V,  vagina;  U  t.  uterus;  Fp,  Fallopian  tube;  O  t,  Gaertner's  duct;  P  v,  par- 
ovarium; A,  anus;  C  c,  C  «  p,  clitoris. 

In  the  male.—Csp,  C  c,  penis;  U  t,  uterus  masculinis;  F«,  vesicula  seminalis;  Vd,ra& 
deferens.     (Huxley.) 


the  tunica  vaginalis  or  serous  covering  of  the  organ ;  the  communica- 
tion between  the  tunica  vaginalis  and  the  cavity  of  the  peritoneum  being 
closed  only  a  short  time  before  birth.  In  its  descent,  the  testicle  or 
ovary  of  course  retains  the  blood-vessels,  nerves,  and  lymphatics,  which 
were  supplied  to  it  while  in  the  lumbar  region,  and  which  are  compelled 
to  accompany  it,  so  to  speak,  as  it  assumes  a  lower  position  in  the  body. 
Hence  the  explanation  of  the  otherwise  strange  fact  of  the  origin  of  these 
parts  at  so  considerable  a  distance  from  the  organ  to  which  they  are  dis- 
tributed. 

Descent  of  the  Testicles  into  the  Scrotum, — The  means  by  which  the 
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descent  of  the  testicles  into  the  acrotum  ia  effected  are  not  fully  and 
exactly  known.  It  wils  formerly  believed  that  a  membraneous  and  partly 
muscular  cord,  called  the  gubernacuhtm  festinj  which  extends  while  the 
teeticie  ia  yet  high  in  the  uMomen,  from  its  lower  part,  through  the 
Abdominal  wall  (in  the  situation  of  the  inguinal  canal)  to  the  front  of 
the  pubes  and  lower  part  of  tho  scrotum,  was  the  agent  by  the  contraction 
of  which  the  descent  was  effected.  It  is  now  generally  thought,  how- 
ever, that  Buch  is  not  the  case,  and  that  the  descent  of  the  testicle  and 
ovary  is  rather  the  result  of  a  general  process  of  development  in  these 
and  neighboring  parts,  the  tendency  of  which  is  to  produce  this  change 
in  the  relative  position  of  these  organs.  In  other  words,  the  descent  is 
not  the  result  of  a  mere  mechanical  action,  by  which  the  organ  is  dragged 
down  to  a  lower  position,  but  rather  one  change  out  of  many  which 
attend  the  gradual  development  and  re-arrangement  of  these  organs. 
It  may  be  repeated,  however,  that  the  details  of  the  process  by  which 
the  descent  of  the  testicle  into  the  scrotum  is  aJIected  are  not  accurately 
known. 

The  homologue,  in  the  female,  of  the  gubernaculum  testis  ia  a 
structure  called  the  round  ligament  of  the  uterus^  which  extends  through 
the  inguinal  canal,  from  the  outer  and  upper  part  of  the  uterus  to  the 
subcutaneous  tissue  in  front  of  the  symphysis  pubis. 

At  a  very  early  stage  of  fcetal  life,  the  Wolffian  ducts,  ureters,  and 
Miillerian  ducts,  open  into  a  receptacle  formed  by  the  lower  end  of  the 
allaiitois,  or  rudimentary  bladder;  and  as  this  communicates  with  the 
lower  extremity  of  the  intestine,  there  is  for  the  time,  a  common  recep- 
tacle or  cloaca  for  all  these  parts,  which  opens  to  the  exterior  of  the 
body  through  a  part  corresponding  with  the  future  anna,  an  arrange- 
ment which  is  permanent  in  reptiles,  birds,  and  some  of  the  lower  mam- 
malia. In  the  human  foetus,  however,  the  intestinal  portion  of  the 
cloaca  is  cut  off  from  that  which  belongs  to  the  urinary  and  generative 
organs ;  a  separate  passage  or  canal  to  the  exterior  of  the  body,  belong- 
ing to  these  parts,  being  called  the  simtn  uro-geni talis.  Subsequently, 
this  canal  is  divided,  by  a  process  of  division  extending  from  before 
backward  or  from  above  downward,  into  a  *  pars  urinaria'  and  a*  pars 
genitalis,'  The  former,  continuous  with  the  tiraehus,  is  converted  into 
the  urinary  bladder. 

The  Fallopian  tubes,  the  uterus,  and  the  vagina  are  developed  from 
the  Midlerian  ducts  (fig,  516,  w),  whose  first  appearance  has  been  al- 
ready described.  The  two  Miillerian  ducts  are  united  below  into  a  sin- 
gle cord,  called  the  geniiai  eord^  and  from  this  are  developed  the  vagina, 
as  well  as  the  cervix  and  the  lower  portion  of  the  body  of  the  uterus; 
while  the  ununited  portion  of  the  duct  on  each  aide  forms  the  upper 
part  of  the  uterus,  and  the  Fallopian  tube.     In  certain  cases  of  arrested 


790  HANDBOOK   OF  PHYSIOLOGY. 

or  abnormal  development,  these  portions  of  the  Mullerian  dacts  may  not 
become  fused  together  at  their  lower  extremities,  and  there  is  left  a 
cleft  or  homed  condition  of  the  upper  part  of  the  uterus  resembling  a 
condition  which  is  permanent  in  certain  of  the  lower  animals. 

In  the  male,  the  Mullerian  ducts  have  no  special  function,  and  are 
but  slightly  developed.  The  hydatid  of  Morgagni  is  the  remnant  of  the 
upper  part  of  the  Mullerian  duct.  The  small  prostatic  pouch,  uterui 
masculinus^  or  sinus  pocularis^  forms  the  atrophied  remnant  of  ^the  dis- 


Fig.  616.— DiajjTftni  of  the  Wolfnan  bodies,  MUllerian  duct«  and  adiaoent  parts  previous  to 
sexual  distinction^  as  seen  from  before,  sr,  the  supra-renal  bodies :  r,  tfie  kidnevs :  o^  oonim-'Q 
blastema  of  ovaries  or  testicles;  W,  Wolffian  bodies;  ir,  Wolffian  ducts:  m  nx.  MflUerian  ducts; 
y  c,  genital  cord;  ug,  sinus  urogenitalis;  i,  intestine;  c/,  cloaca.     (Allen  Thonaaon.; 

tal  end  of  the  genital  cord,  and  is,  of  course,  therefore,  the  homologue, 
in  the  male,  of  the  vagina  and  uterus  in  the  female. 

The  external  parts  of  generation  are  at  first  the  same  in  both  sexes. 
The  opening  of  the  gen i to-urinary  apparatus  is,  in  both  sexes,  bounded 
by  two  folds  of  skin,  while  in  front  of  it  there  is  formed  a  penis-like 
body  surmounted  by  a  glans,  and  cleft  or  furrowed  along  its  under  sur- 
face. The  borders  of  the  furrows  diverge  posteriorly,  running  at  the 
sides  of  the  gen i to-urinary  orifice  internally  to  the  cutaneous  folds  just 
mentioned.  In  the  female,  this  body  becoming  retracted,  forms  the 
clitoris,  and  the  margins  of  the  furrow  on  its  under  surface  are  converted 
into  the  nymphfe  or  labia  minora,  the  labia  majora  pudendae  being  con- 
stituted by  the  great  cutaneous  folds.     In  the  male  foetus,  the  margins 
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of  the  furrow  at  the  ander  surface  of  the  penis  unite  at  about  the  four- 
teenth week,  and  form  that  part  of  the  urethra  which  is  included  in  the 
penis.  The  large  cutaneous  folds  form  the  scrotum,  and  later  (in  the 
eighth  month  of  development),  receive  the  testicles,  which  descend  into 
them  from  the  abdominal  cavity.  Sometimes  the  urethra  is  not  closed, 
and  the  deformity  called  hypospadias  then  results.  The  appearance  of 
hermaphroditism  may,  in  these  cases,  be  increased  by  the  retention  of 
the  testes  within  the  abdomen. 
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CLASSIFICATION  OF  THE  ANIMAL  KINGDOM. 


A.  — VERTEBRATA. 


Mammalia 

Monodelphia 
Primates 
Cheiroptera 
Insectivora 
Camivora 
Proboscidea 
Hyracoidea 
Ungulata 
Sirenia 
Cetacea 
Rodentia 
Edentata 
Didelphia 


Carinat« 
Ratit«  . 

Reptilia 

Crocodilia 
Ophidia 
Chelonia    . 
Lacertilia 

Amphibia 
Anura 
UrodeU 

Pisces 


MOLLUSCA 

Odontophora 
Lamellibranchiata 
Brachiopoda 
Polyzoa 

Arthropoda 

Crustacea 

Arachnida 

Insecta 

Myriapoda 
Echinodermata  . 


Ti/pical  examplea, 

Man,  ape. 

Bat. 

Hedgehog. 

Cat,  dog,  bear. 

Elephant. 

Hyrax. 

Horne,  sheep,  pig. 

Dugong. 

Whale. 

Rabbit,  rat. 

Armadillo. 

Kangaroo. 


Omithodelphia Duck-billed  platypua 

Fowl,  duck. 

Ostrich. 


Crocodile. 
Snake. 
Tortoise. 
Lizard. 

Frog. 
Newt. 
Lamprey,  shark,  cod. 


B.  — INVERTEBRATA. 


Vermes 

Annelida   . 
Platyhelminthes   . 
Nemathelminthes 

CCELENTERATA 

Actinozoa 
Hydrozoa 
Protozoa 


Whelk,  snail. 
Mussel,  oyster. 
Terebratula. 
Sea  mat. 

Lobster. 

Scorpion,  spider. 
Bee.  fly. 
Centipede. 
Sea  stars. 

Earthworm. 

Tapeworm,  fluke. 

Round -worm,  thread- worm. 

Sea  anemone. 

Hydra. 

Amceba,  Vorticella. 
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Organic  Chemical  Substances. 

Nearly  all  of  the  most  important  substances  foond  in  th©  am 
body  huvo  been  mentioned  und  described  in  the  preceding  pag6& 
will  be  only  necessary  here  to  add  some  brief  notes. 

Certain  terms  have  been  used  without  explanation. 

Hydrocarbons- — Compounds  of  carbon   and   hydrogen.     Ci 
being  a  tetrad  element,  the  simplest  hydroc^irbon  is  C'*I1'|^  methane 
marsh  gas.     It  is  found  in  the  gases  of  the  ulimenUiry  canal  (iiitefitin< 
{p.  361).     It  is  the  first  of  the  series  known  as  paraffins.     The  differe: 
members  of  the  eeries  increase  by  CH^j  so  that  the  next  paraffin  is  C^ 
Ethane;  Ca  He  propane,  and  so  on.     The  general  formula  being  i'uHi,, 

Alcohols. — From  a  hydrocarbon,  by  substituting  Oil  (hydroxy!)! 
for  II,  vrc  ubtuin  the  corresponding  alcohol;  thus  from  Cn»H  we  obuia 
CHa  OH,  methyl  alcohol;  from  CallsU,  C^Hj  OU,  ethyl  alcohol;  from 
CsIItH,  Ca  H7  OH^  propyl  alcohol  and  the  like.  They  are  hydmtcB  of 
the  hydrocarbons. 

Ethers.— The  ethers  are  obtained  from  their  corresponding  alcohob 
by  dehydnition;  euf,,  2(CaH5)  Oil  —  U3O  =  (CaHs),0,  ethylic  ether 

Aldehydes. — The  aldehydes  are  obtained  by  oxidation  of  alcoholf 
thus:— CIIs  on  +  0  =  CHs  con  +  Iho  ethyl  aldehyde. 

Acids. — The  acids  are  obtained  by  further  oxidation,  one  atom  of 
being  substituted  for  H..,  e,g,,  CII3  CO  OH,  acetic  acid. 

The  series  of  acids  obtained  from  the  first  series  of  paraffins  is  known 
as  fatty  acids;  those  wdiich  are  most  familiar  as  fatty  acids  being 
CillsOiii,  buii^rie  avid  :  CrtHi202,  caproic  acid  ;  C14H13O2  pnlmiiir,  and 
Cia  Mu  Oa,  /!teari(\  derived  from  C|  Hio  (hufnrte),  C%  Um  (Airxniw), 
CifiHsi  {/ierderafip),  and  Cii^  Hg^,  respectively. 

Soaps  and  Fats, — The  fatty  acids  in  combination  with  sod^  or 
potash^  or  similar  bases,  form  mapn^  and  when  combined  with  glyc«riiit 
form  fats. 

Other  series  of  hydrocarbons, — The  first  series  of  paraffins  oonsisU  ol 
saturated  hydrocarbons;  many  other  series  exist,  however,  in  which  the 
C  is  unsaturated.  Their  general  formulee  areas  follows:  C^Hia;  C,H%_j; 
GJl'in-i'f  Cnnao_6,  and  so  on. 

From  each  series  of  hydrocarbons,  the  corresponding  alcohols, 
aldehydes,  and  ethers  arc  obtainable.  The  alcohols  derived  from 
of  ffhene,  C^llu  are  called  glycols.  But  in  glycols  there  are  two 
united  to  the  radicle  instead  of  one — these  are  therefore  called  diatoinic 
alcohols;  and  similarly  acids,  of  two  kinds,  may  be  obtained«by  the  tuV 
stitution  of  one  or  of  two  atoms  of  0  for  the  corresponding  Ui  or  D^ 
An  example  or  two  may  be  cited  :^ — 

Ca  Mifdhcm;  Ct  Hi  OH,  eiliem  gl^ml ;  Ca  lU  0%,  ffljfcatU 
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Cj  lU  Oi,  ojalk  acid  ;  and  C.^  Ilfi,  propem  ;  (?s  He  OH2,  prapene  glycol  / 
Cs  11k  Os,  ffidi'r  acid  ;  Ca  II4  0^,  inakmic  acid. 

The  next  series  of  hydrocarbonB,  0^  \l%n^^,  is  represented  by  Ct  \li 
acetykne  ;  the  next  CuU-in-ij  terebintheno,  Vw  Hie;  the  next  C,Jla„^,  by 
benzene,  Ce  Hm, 

From  these  we  obtjiin  triatomic  alcohols,  e,g,  glycerin,  C^  Ha  OHg, 
tetratomic  alcohola,  ejj,  ergthriie,  d  Ho  Ollj,  and  hexatomic  alcohols, 
«.^*,  mannite,  Cn  Hs  0H<3;  from  the  last,  the  carbohydrates  are  derived. 

Of  the  hydrociirbons,  only  one  is,  us  we  hare  said,  found  in  the  body^ 
yiz,,  nietliane;  of  the  alcohols,  choke terine,  Ca^  H4a  Oil,  a  nionatomic, 
and  glycerine,  C:i  HaOHsja  triutomic  alcohol.  Phenol^  Ca  II3  OH,  fotind 
in  combination  in  the  urine  and  faeces. 

Of  the  aldehydes  and  ketones  (analogous  prodncts  to  aklehyde,  ob- 
tained from  isomeric  alcohols).  AcfJom^  or  propyl  ketone,  le  found  in 
blood  and  in  urine,  particularly  in  diabetes.  The  glucoses  are  aldehydea 
of  mannite,  and  the  other  carbohydrates  are  derived  from  that  class* 

Fatty  Acids, — Formic,  acetic,  propionic,  butyric,  caproic  and  caprylic^ 
are  all  more  or  less  represented  in  the  secretions  and  tissues  of  the  body* 
Palmitic  and  stearic  in  fats. 

Glycol  Acida^ — ^Lactic  acid,  of  which  there  are  three  isomeric  bodies, 
and  leucic  acid  and  two  other  acid;?,  oxadic  and  succinic. 

Amido-Acids.^-These  may  be  looked  npon  as  either  ammonia,  in 
which  one  or  more  atoms  of  H  are  replaced  by  the  acid  ntdicles;  or  as 
acids  in  which  one  or  more  of  the  U  atoms  of  the  acid  radicle  are  re- 
placed by  amidogen  NH3. 

Of  these  the  following  are  important: — 

Glycifij  Ca  II 3  (NHa)  O2,  amido-acetic  acid* 

Leucine^  Cg  lln  ^^i  Oa,  amido-caproic  acid. 

Tyrosine,  C9  Iln  NO3,  amido-oxyphenyl-propionic  acid. 

Sarcosine  =  methyl  glycin,  C-j  11;  NOj. 

Creaiim  —  sarcosine  +  cyanamide,  CX  NU3  ^  C4  H9  N3  O2. 

Crmiinim  =  ereatin— H2O  =  C*  H7  Ng  0. 

Taurine,  C2  H;  NSOa,  is  amido-isethionic  acid. 

Cifsiine^  Cn  H7  X5  Oa,  amido-lactio  acid  in  which  one  H  is  replaced 
byHS. 

Of  these  bodies  it  is  only  necessary  to  mention  the  following: — 

Ghfcin,  Gli/focol,  Glmociu,  or   |  ^   tj   Twn       ( r*vi    /NHj       \ 

Anitdo-nrette  acid.  )  ^  \ou  un  / 

This  substance  occurs  in  the  body  in  combination  as  in  the  biliary 

acids,  but  is  never  free.     Glycocholic  acid,  when  treated  with  weak  acids, 

with  alkalies,  or  with  baryta  water,  splits  up  into  eholic  acid  and  glycin, 

or  amido-acetic  acid.     Thus:    CaeHiaNOd  +  H3O  ^  C2B  Hio  O5  +  C2  H5 

NOa.     Qlycocbolic  aeid  +  water  =  eholic  acid  +  glycin,  and  under  sim- 
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.lf.%/^C,H,NO,(=CH.<^nCH.) 


It  ia  a  OQii< 


ilar  eircumstuocea  Taurocliolic  acid  Bplits  up  into  cholic  acid  and  laarui 
Cae   H45  O3  NSO.  +  11/)  =  Ca«  U4Q  Os  +  Cs  U;  N80a,  or  amidcHW 
onic.     TimroehoUc  acid  -j*  water  =  cholic  acid  and  taurin,     Gljciti  oc* 
curs  also  in  hippuricacid.     It  can  be  prepared  from  gelatin  by  the 
of  acids  or  alkalies,  and  can  also  bo  obtained  from  hippurie  acid* 
Sarrotfin  or 

£tituent  of  creatiu^  and  also  of  oa^eine^  but  has  never  been  foojid 
free  in  the  human  body.  It  may  be  obtained  from  these  bodies  by 
boiling  with  baryta  water.  ^j 

^^m^rtZ^^^^^^^  C«H,«NOj  (=  CH3.CHaCHaCH2,CHtNU,)CO  OH^ 

occurs  normally  in  many  of  the  organs  of  the  body,  and  la  a  product 
of  the  pancreatic  digestion  of  proteids.  It  is  present  in  the  urine  in 
certain  diseases  of  the  liver  in  which  there  is  loss  of  substance,  espe- 
cially ill  acote  yellow  atrophy.  It  occurs  in  circular  oily  discs  or  crys- 
tallizes in  plates,  and  can  be  pre])ared  either  by  boiling  horn  sharingSi 
or  any  of  the  gelatins  with  sulphuric  acid,  or  out  of  the  products  ol 
pancreatic  digestion. 

Creating  C4  Hn  N3  Oi,  ia  one  of  the  primary  product-s  of  muscular  dis- 
integration. It  is  always  found  in  the  juice  of  muscle.  It  is  generally 
decomposed  in  the  blood  into  urea  and  siircosin,  and  seldom^  uileis 
under  abnormal  circumstances,  appears  as  such  in  the  urine.  Treated 
with  either  sulphuric  or  hydrocliloric  acid,  it  is  converted  into  crealiiim; 
thus — 

Ci  lU  Nh  O3  =  C4  H7  Na  0  +  Ht  0. 

It  has  been  made  synthetically  by  bringing  together  cyanimide  and 
Sitrcosine. 

Creatinift,  C*  H7  Na  0,  ia  present  in  human  urine,  derived  from 
dation  of  creatin*     It  does  not  appear  to  be  present  in  muscle, 

taethwuic  Acta,  )  ^  \iMl;i     / 

uent  of  the  bile  acid,  taurocholic  acid,  and  is  found  also  in  traces  to  ibe 
muscles  and  lunge.    It  has  been  prepared  eynthetically  from  iaetliioikio 

acid.     It  is  a  crysttilline  substance,  very  stable, 

Benzoifl  Amido*Acid9, 

mal  constituent  of  human  urine,  the  quantity  excreted  being  incn!as«d 
by  a  vegetable  diet,  and  therefore  it  is  present  in  ^eater  amoant  in  Uie 
urine  of  herbivora.  It  may  be  decomposed  by  acids  into  glycin  and 
benzoic  acid.  It  crystallizes  in  semi-tmnsparent  rhombic  pristii%  almesl 
insoluble  in  cold  water,  soluble  in  boiling  water. 
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TifTosin^  C»  Iln  NOs,  is  found  generally  together  with  leiicin,  in  cer- 
tain glands,  e,g,f  pancreas  and  spleen;  and  chiefly  in  the  products  of 
pancreatic  digestion  or  of  the  putrefaction  of  protcids.  It  is  found  in 
the  urine  in  some  diseases  of  the  liver,  especially  acute  yellow  atrophy. 
It  crystallizes  in  fine  needles,  which  collect  into  feathery  masses.  It 
giTes  the  proteid  test  with  Millon's  reagent,  and  heated  with  strong  sul- 
phuric acid,  on  the  addition  of  ferric  chloride  gives  a  violet  color, 

Leeiihin,  Cn  Hu  PN  O9,  is  a  complex  nitrogenous  fatty  body,  con- 
taining phosphorus,  which  has  been  found  mixed  with  cerebrin  and  oleo- 
jthosphoric  acid  in  the  hmin.  It  is  also  found  in  blood,  bile  and  serous 
fiuids,  and  in  larger  f(uantities  in  nerves,  pus,  yelk  of  egg^  semen,  and 
white  blood-corpuscles.  On  boiling  with  acids  it  yields  cholin,  glycero- 
phosphoric  acid,  palmic  and  oleic  acids* 

Cerebrin,  On  II33  NO3,  is  found  in  nerves,  pns  corpuscles,  and  in  the 
brain.  Its  chemical  constitution  ia  not  known.  It  is  a  light  amorphous 
powder,  tasteless  and  odorless.  Swells  up  like  starch  when  boiled  with 
water,  and  is  converted  by  acids  into  a  saccharine  substance  and  other 
bodies.  The  so-called  Prutagon  is  a  mixture  of  lecithin  and  cerebrin. 
(  Uric  Acid,  Os  H^  N*  0«,  occurs  in  the  urine,  sparingly  in  human 
nrine,  abundantly  in  that  of  birds  and  reptiles,  where  it  represents  the 
chief  nitrogenous  decomposition  product.  It  occurs  also  in  the  blood, 
Bpleen,  liver,  and  sometimes  is  the  only  constituent  of  urinary  calculi. 
It  is  probably  converted  in  the  blood  into  urea  and  carbonic  acid.  It 
generally  occurs  in  urine  in  combination  with  bases,  forming  n rates,  and 
never  free  unless  under  abnormal  conditions,  A  deposit  of  urates  may 
occur  when  the  urine  is  concentrated  or  extremely  acid,  or  when,  as 
during  febrile  disorders,  the  conversion  of  uric  acid  into  urea  is  incom- 
pletely performed. 

C(tm/m^ifioH, — Very  uncertain;  has  been  however  recently  produced 
artificially,  but  it  is  not  easily  decomposed;  it  may  be  regarded  as  liiu- 
reide  of  tartronic  acid.     The  chief  product  of  its  decomposition  is  urea* 

A'aniiiift,  C5  H4  N4  0^,  has  been  obtained  from  the  liver,  spleen, 
thymus,  muscle,  and  the  blood.  It  is  found  in  normal  urine,  and  is  a 
constitueut  of  certain  rare  urinary  calculi, 

nifpuxanihuiy  C5  H4  K4  0,  or  ssartln,  is  found  in  juice  of  fiesh,  in 
the  spleen,  thymus,  and  thyroid, 

Gnanhu  Cs  H5  N5  0,  has  been  found  in  the  human  liver,  spleen,  and 
fseces,  but  does  not  occur  as  a  constant  product, 

AUantoin,  Ci  Ha  N4  O3,  found  in  the  allantoic  fluid  of  the  fcetus,  and 
in  the  urine  of  animals  for  a  short  period  after  their  birth.  It  is  one  of 
the  oxidation  products  of  uric  acid,  which  on  oxidation  gives  urea. 

In  addition  to  the  above  compounds  and  probably  related  to  them, 
are  certain  coloring  and  excrementitious  matters,  which  are  also  most 
likely  distinct  decomposition  compounds. 
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Pigments^  Etc,  ^^^^^^^^B 

BiUruhin^  0%  H«  NO3,  ia  the  best  known  of  the  bile  pigmenta,  iffl 
best  made  by  extracting  iiispieaated  bile  or  gall  atones  with  water  (which 
dissolves  the  salts^  ete.)^  then  with  alcohol,  which  takes  oat  cholesterin, 
fiitty  and  biliary  acids,  llydrochloric  acid  is  then  added,  which  decom* 
poses  the  lime  salt  of  bilirubin  and  removes  the  lime.  After  extracting 
with  alcohol  and  ether,  the  residue  is  dried  and  finally  extractecl  with 
chloroform.  It  crystallizes  of  a  bluish -red  color.  It  is  allied  in  com* 
position  to  hfematio,  as  has  been  described, 

B Hirer din^  Cg  H9  NO2,  ia  made  by  passing  a  current  of  air  through 
an  alkaline  solution  of  bilirubin,  and  by  prcciptation  with  hydrochloric 
acid.     It  is  a  green  pigment, 

Biiifmt'ht^  Ca  Hh  no.,,  is  made  by  treating  gall  gtones  with  other, 
then  with  dilute  acid,  and  extr^icting  with  absolute  alcohol.  It  is* 
non-cry B tall izable  brown  pigment, 

BiUprmiH  is  a  jiigmeut  of  a  green  color,  which  can  be  obtained  from 
gall  stones,  and  from  liile  which  has  been  allowed  to  decompose. 

Bilihumin  (Staedeler)  is  a  dark  brown  earthy-looking  aubatance,  of 
which  the  formula  is  unknown* 

Urochrffme  and  UrvhUin  occur  in  bile  and  in  urine;  the  latter  ia 
probably  identical  with  dercobilin,  which  is  found  in  the  fieoee*  Vr^ 
eriffhrin  is  one  of  the  coloring  matters  of  the  urine.  It  is  orange  red 
and  contains  iron^  as  is  also  Choletelin, 

Meianin  is  a  dark  brown  or  black  material  containing  iron^  oocctrring 
in  the  lungs,  bronchial  glands,  the  skin,  hair,  and  choroid, 

Ilwniatiu  has  been  fully  treated  of,  p.  140,  et  seq. 

Indimn  is  supposed  to  exist  in  the  sweat  and  nrine.  It  has  not, 
however,  been  satisfactorily  isolated. 

In d if/Of  Cfl  Ha  Ny  0^  is  formed  from  indican,  and  gives  rise  to  the 
bhnsh  color  which  is  occasionally  met  with  in  the  sweat  and  urine, 

Indai,  Cg  Ila  N,  is  found  in  the  faeces,  and  is  formed  either  by  de- 
composition of  indigo,  or  of  the  proteid  food  materials.  It  id  suppoaed 
to  give  the  characteristic  disagreeable  smell  to  fa^cea, 

Xiiroffenouft  Bodies  of  Uncertain  Kaiurt. 

T^rmmts  are  bodies  which  jyossess  the  property  of  exciting  ohi^m 
changes  in  niatter  with  wliich  thc*y  come  in  contact.     They  are  ai  proi- 
ent  divided  into  two  clasaes,  called  (I)  organized,  and  (%)  anorganised 
or  Boiuble. 

(1.)  Of  the  orffanized^  yeast  may  be  taken  aa  an  example.  Ita  acrtif- 
ity  depends  upon  the  vitality  of  the  yeast  cell  and  disappears  aa  aoon  li 
the  cell  dies,  neither  can  any  snbstance  be  obtained  from  the  jeaai  by 
meana  of  precipitation  with  alcohol  or  in  any  other  way  which  hat  Ite 
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f power  of  exciting  the  ordinary  clmnge  produced  by  the  plant  itself. 
The  action  of  niicro-organiams  in  the  alimentary  Ciinal  and  elsewhere  is 
also  an  example  of  the  &ame  nature. 

(2.)   Umiiujanized  or  mhihle  ferments  are  thoae  which  are  found  in 

cretions  of  glands,  or  are  produced  by  chemical  changes  in  animal  or 

j^etable  cells  in  general;   when  isolated  they  are  colorless,  tasteless, 

HOTphouB  solids  solnble  in  water  and  glycerin,  and  preeipitiited  from 

f  a^tieons  solutions  by  alcohol  and  acetate  of  lead.     Chemically  many 

&f  these  are  said  to  contain  nitrogen. 

Mode  i{f  iU't  ion  *~V\'it\io\\t  going  into  the  theories  of  how  these  un- 
lorganized  ferments  act,  it  will  8uffi(?e  to  mention  that: 

(1.)  Their  activity  beyond  a  certain  point  does  not  depend  upon  the 
actual  amount  of  the  ferment  present,  (*^.)  That  the  activity  is  do- 
FBtroyed  by  high  temperature,  and  various  concentrated  chemical  re- 
agents, but  increased  by  modenite  heat,  about  40°  C,  and  by  weak  solu- 
tions of  either  an  acid  or  alkaline  fluid.  (3.)  The  ferments  themselves 
appear  to  undergo  no  change  in  their  own  composition,  and  waste  very 
slightly  during  the  process. 

The  chief  classes  of  unorganized  ferments  are:^ — 

(L)  AmtjUdifile,  which  possess  the  property  of  converting  starch 
into  glucose.  They  add  a  molecule  of  water,  and  may  be  called  hydro- 
lytic.  The  principal  aniylolytic  ferments  are  Ph/aiiny  found  in  the 
saliva,  and  a  ferment,  probably  distinct,  in  the  pancreatic  juice,  called 
\  Ami/hp.^iH,  These  both  act  in  an  alkaline  medium*  Aniylolytic  fer- 
ments have  been  found  in  the  blood  and  elsewhere. 

(2.)  ProimUftic  convert  proteids  into  peptones.  The  nature  of  their 
action  is  probably  hydrolytic.  The  proteolytic  ferments  of  the  body 
are  called  Pepsin^  acting  in  an  acid  medium  from  the  gastric  juice. 
Tri/psin,  acting  in  an  alkaline  medium  from  the  pancreatic  juice.  The 
Succua  entericus  is  said  to  contain  a  third  such  ferment. 

(3,)  Inrermve,  which  convert  cane  sugar  or  .sandttiro.^fe  into  grape 
sugar  or  (fluvose.  Such  a  ferment  was  found  by  Claude  Bernard  in  the 
Succus  entericus;  and  probably  exists  also  in  the  stomach  mucus, 

(4.)  Ferments  which  aci  npon  /a/^.— Such  a  body,  called  b'teapsin, 
has  been  found  in  pancreatic  juice, 

(5.)  Jnil'-curdlinff  fer7}ienfs^^-lt  has  been  long  known  that  rennet, 
a  decoction  of  the  fourth  stomach  of  a  calf,  in  brine,  possessed  tire 
power  of  curdling  milk.  This  power  does  not  depend  upon  the  acidity 
of  the  gastric  Juice,  since  the  curdling  will  take  place  in  a  neutral  or 
alkaline  medium :  neither  does  it  depend  upon  the  pepsin^  as  pure  pep- 
sin scarcely  curdles  milk  at  all,  and  the  rennet  which  rapidly  curdles 
milk  has  a  very  feeble  proteolytic  action.  From  this  and  other  evidence 
it  is  believed  that  a  distinct  milk-curdling  ferment  exists  in  the  stom- 
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ach.     W.  Roberta  has  shown  that  a  similar  but  distinct  ferment  eatP 
in  pancreatic  extmct,  which  acts  best  in  an  alkaline  medium^  next  b€*t 
in  an  acid  medium,  and  worst  in  a  neittral  medium.     The  fermeiit  of 
rennet  ticts  best  in  ixn  iteid  medium,  and  worst  in  an  alkaline,  tho  renotioQ 
ceasing  if  the  iilkalinity  be  more  than  slight.  Also  in  the  Succus  enlcrriciu^ 

In  addition  to  the  above  ferments,  nniny  others  most  likely  exiJl  in 
the  body,  of  which  the  following  are  the  most  important: 

(0.)  Fibrin-fnrminij  fvrment  (Schmidt),  (see  p.  1:^5,  d  Jt^.)>  foQlid  in] 
the  blood,  lymph  and  chyle. 

(7.)  A  ftrmeni  which  converts  ffhjvogen  into  gUimst  in  the  lirei^J 
being  therefore  an  amylolytic  ferment, 

(8.)  Myosin  ftrmvni, 

Cabbo-hydrates  or  Amyloids. 

The  divisions  of  carbo-bydmtes,  and  the  chief  substances  furmtn^ 
each  cliiss  with  their  properties,  have  been  already  given  (p.  Ill,  ti  y/.yf 
The  following  additional  information  may  be  useful. 

The  glucosem  nniy  be  consideroil  as  the  aldehydes  of  mannite,  thus: 

cii,  OH      J  cir.  on      ) 

K  (Cn  UH)4     \  C«  Ht4  Ofi,  (CH  OH)4      \  Ca  Hn  Of 

W  CII,  OH        )  CO  II  \ 

zminnite.  glucose. 

The  SacrharosvH  or  sucroses  are  made  up  of  two  volumes  of  gloooe^ 
minus  one  molecule  of  water. 

C«  Hr,  0„  +  C«  Un  Oe  -  Hi  0  =  C^  Hj,  0„. 
The  amyloids   are  anhydrides  of  the  glucoses,   C«  Hu  0«  —  HiO^ 
CfllltpUs* 

Tesis  for  Glncos€.—(u)  Troimner*s. — This  test  depends  upon  Ibt 
power  sugar  possesses  of  reducing  copper  si^ilts  to  their  sub-oxidt^  II  ig 
done  in  the  following  way : — An  excess  of  caustic  potush  and  then  % 
solution  of  copper  sulphate,  drop  by  drop,  are  added  to  the  solutian 
containing  the  sugar  in  a  te^it-tubc,  as  long  as  the  blue  precipitate  wbiek 
forms  redisaolveson  shaking  tho  tube.  The  upper  portion  of  the  fluid  » 
then  heated,  and  a  yellowish-brown  x>i*e<^ipitate  of  copper  suboxide  ap- 
pears. The  test  may  also  be  done  by  taking  only  a  drop  or  two  of 
copper  sulphate  solution. 

(ii.)  Jfoorc*s, — If  a  solution  of  sugar  in  a  test-tube  is  boiiea 
C4iu8tic  potash,  a  brown  coloration  appears. 

(iii*)  Ffnmniaiion. — If  a  solution  of  sugar  be  kept  in  the  wami  pUte 
for  a  time  after  the  addition  of  yeast,  the  sugar  is  converted  into  mlooliol 
and  carbon  dioxide.    (C^HuO*  =  ^C^HaOH  +  SCOj.) 

(iv.)  Boftrher's  test, — A  little  bismuth  oxide  or  subnitrate  and  an 
excess  of  caustic  potash  are  added  to  the  solution  in  a  test-tube,  and  the 
mixtnre  is  heated;  the  solution  becomes  at  first  gray  and  then  black* 
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(v.)  Pia*ic  and  leM, — To  the  solution  about  a  fourth  of  its  bulk  of 
picric  acid  (siittirated  solotion)  and  iii\  equal  c|uantity  of  caustic  jjotash 
are  iidded,  and  the  solution  is  boiled;  the  liquid  becomes  of  a  very  deep 
coHee-brown. 

(vi.)  InfiiffO'Carmine  test, — Add  a  solution  of  indigo  carmine  to  color 
sugar  solution  distinctly  blue»  and  add  solution  of  i«odium  oarboiiiite,and 
heat.  The  blue  color  changes  to  purple  and  then  to  brown  and  yellow, 
but  is  restored  on  shaking  the  solution. 

(vii.)  Pkeuffl  hiplrazine  ted, — A  solution  of  phenyl  hydrazine  hy- 
drochloride and  sodium  ueetate  is  added.  Keep  in  water-bath  at  boiling 
for  some  minutes,  then  cool.     Yellow  crystals  result. 


iQuaniii alive  Estimaiinn  f>f  Grapn  Sugar, 
1,  FekUntfs  Method, — Solution  required  =  copper  sulphate  and  caus- 
tic soda,  with  some  sodic  potassic  tartrate  of  such  a  strength  that  10  c.c. 
of  solution  contain  tlie  amount  of  cupric  oxide  which  0.5  grm.  of  sugar 
can  reduce  to  cuprous  oxide.  (This  solution  should  be  freshly  pre- 
pared.) It  is  made  as  follows:  Take  of  sulphate  of  copper,  40  grm s. ; 
neutral  tartnite  of  potash,  IGQ  grms,;  caustic  soda  (sp.  gr.  1,12),  750 
grms. ;  add  distilled  water  to  1154,5  c.c.     Each  10  c.c.  contains  .05  grm. 

tof  sugar. 
Meiltnd, — Take  10  c.c.  of  the  sacclmrino  solution  free  from  albumen, 
and  add  110  c.c.  of  distilled  water.  Place  this  in  a  burette.  Put  into  a 
fitirtk  or  dish  10  c.c.  of  the  standard  solution,  and  dilute  with  four  times 
its  bulk  of  water  and  boil.  Run  into  it,  from  burette,  some  of  the 
diluted  urine,  say  20  c.c,  and  boil.  Allow  precipiUte  to  settle,  and  if 
supernatant  fluid  is  still  blue,  add,  say,  5  c.c.  from  burette,  and  boil 
again,  and  so  on,  till  the  fluid  ceases  to  have  a  blue  tinge,  taking  care, 
toward  the  end  of  the  process,  to  add  only  a  few  drops  each  time.  If, 
after  adding  20  c.c.  of  diluted  urine  iind  boiling,  the  fluid  has  been 
decolorized,  too  much  of  the  solution  has  been  added,  and  another  esti- 
mation vntli  a  second  10  c.c.  of  standard  solution  must  be  made,  but 
less  than  20  c.c.  of  the  saccharine  solution  should  be  added  (say  10  c.c.) 
in  first  instance. 

AVhen  the  number  of  c.c.  of  diluted  urine  required  to  decolorize  the 
solution  has  been  determined,  that  volume  contains  the  amount  of  sugar 
neceBSiiry  to  reduce  10  c.c.  of  standard  solution,  i£,,  ,05  grm.  But  one- 
tenth  only  of  this  is  the  saccharine  solution,  ,\  one-tenth  of  number  of 
C.C.  used  contains  ,05  grm.  of  sugar.  From  this,  the  percentage  can  be 
easily  calculated. 

2.  Pifvf/ii  MmUfimtion  of  FeJtIinfs  Method.— ^y  Fehling'a  method  it 

is  diflicult  and  tedious  to  judge  of  the  point  of  complete  reduction  of 

the  cupric  oxide.     Dr.  Pavy,  accordingly,  uses  a  strongly  ammoniacal 

solution  of  the  above,     A  certain  amount  is  introduced  into  a  small 

SI 
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flask,  which  is  then  heated  till  the  vapor  of  ammonia  escapes  bj  a  nar- 
row tabe.  The  sugar  solution  is  then  allowed  to  flow  from  a  bamte 
into  the  flask  until  the  blueness  has  disappeared^  the  solution  bein£ 
kept  boiling  all  the  time.  The  blueness  is  apt  to  disappear  suddenlj, 
and  care  should  therefore  be  taken  toward  the  end  of  the  process. 
Calculate  as  in  Fehling's  method. 

3.  Estimation  of  sugar  bi/ fermentation. — In  the  case  of  saccharine 
urine,  it  is  allowable  as  a  single  test  to  use  the  following  method : — ^Take 
specific  gravity  of  urine  before  and  after  fermentation.  Each  degree 
of  specific  gravity  lost  by  the  urine  represents  one  grain  of  sugar  per 
ounce  of  urine. 

4.  Sugar  may  also  be  estimated  by  adding  yeast  to  urine,  and  col- 
lecting the  carbon  dioxide  evolved.  The  carbon  dioxide  is  a  measure 
of  the  amount  of  sugar  present. 

5.  The  estimation  may  also  be  done  by  the  saccharimeter,  an  instru- 
ment for  the  estimation  of  the  degree  of  polarization  which  a  ray  of 
light  undergoes  in  passing  through  a  solution  of  sugar,  either  to  the  left 
or  to  the  right. 

Urea,  CO  (NIl2)2.  The  properties  and  relations  of  urea  have  been 
treated  of  at  some  length  in  the  chapter  upon  excretion.  There  re- 
mains to  be  described  the  method  of  its  quantitative  estimation  in  the 
urine.     There  are  two  chief  methods,  viz. : — 

(i.)  Hypobromite  Method. — One  of  the  forms  of  apparatus  employed 
in  this  method  (Russell  and  West's)  consists  of  (a)  a  water-btith  suj)- 
ported  by  three  iron  bands,  arranged  as  a  tripod.  The  bath  is  provided 
with  a  cylindrical  depression,  and  with  a  hole,  into  which  fits  a  perfo- 
rated india-rubber  cork;  (Ij)  a  bulb  tube  with  a  constricted  neck;  (/)  a 
glass  rod  provided  with  an  india-rubber  baud  at  one  extremity ;  (//)  a 
pipette  of  five  cubic  centimetres  capacity;  {e)  a  graduated  glass  collect- 
ing tube;  (/)  a  spirit  lamp;  (//)  a  wash-bottle  with  distilled  water;  (A) 
hypobromous  solution.  The  hypobromous  solution  is  made  in  the  fol- 
lowing way:  three  and  a  half  ounces  (100  grm.)  of  solid  caustic  soda  is 
dissolved  in  nine  ounces  (200  grm.)  of  distilled  water.  When  the  solu- 
tion is  cold,  seven  drachms  (25  c.c.)  of  pure  bromine  are  to  be  added 
carefully  and  gradually.  The  mixture  is  not  to  be  filtered ;  it  keeps 
badly,  and  for  this  reason  it  should  be  made  shortly  before  it  is  required; 
or  the  solution  of  caustic  soda  in  water  may  be  made  in  large  quantities 
as  it  does  not  undergo  any  change,  the  bromine  in  the  proper  propor- 
tion being  added  at  the  time  it  is  required  for  use. 

Method,— Fill  the  pipette  to  the  mark  on  the  stem  with  the  urine  to 
be  examined;  pour  the  5  c.c.  of  urine  thus  measured  out  into  the  bulb; 
fill  up  the  bulb  tube  as  far  as  the  constricted  neck  with  distilled  water 
from  the  wash-bottle;  insert  the  glass  rod  {c)  in  such  a  way  that  the 
india-rubber  band  at  the  extremity  fills  up  the  constricted  neck;  the 
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diluted  urine  should  exactly  occupy  the  bulb  and  neck  of  the  tube^  no 
bubble  of  air  being  below  the  elafitic  band  on  the  one  hand^  while  on 
the  other  the  fluid  should  not  rise  above  the  band;  in  the  former  case 
a  little  more  water  should  be  added^  in  the  latter  a  fresh  portion  of 
urine  must  be  used^  and  the  experiment  repeated.  After  adjusting  the 
glass  rod,  fill  up  the  rest  of  the  bulb  tube  with  hypobromous  solution; 
it  will  not  mix  with  the  urine  so  long  as  the  rod  is  in  place.  The 
water-bath  having  been  previously  erected,  and  the  india-rubber  cork 
fixed  firmly  into  the  aperture,  the  bulb  tube  is  to  be  thrust  from  below 
through  the  perforation  in  the  cork.  The  greater  part  of  the  tube  is 
then  beneath  the  water-bath,  the  upper  extremity  alone  being  grasped 
by  the  cork.  Fill  the  water-bath  half  full  of  water,  fill  also  the  grad- 
uated glass  tube  {g)  with  water,  and  invert  it  in  the  bath;  in  doing 
this  no  air  must  enter  the  tube,  which  when  inverted  should  be  com- 
pletely filled  with  water.  Now  slide  the  graduated  tube  toward  the 
orifice  of  the  bulb  tube,  at  the  same  time  withdrawing  the  glass  rod 
which  projects  into  the  bath  through  the  cork.  At  the  instant  that  the 
rod  is  withdrawn  the  hypobromous  solution  mixes  with  the  diluted 
urine,  and  a  decomposition  takes  place  represented  thus :  COX2H4  + 
3NaBrO  +  2NaH0  =  3  NaBr  +  SIIqO  +  NaaCOs  +  Ng.  Urea  +  sodium 
hypobromite  -f-  caustic  soda  =  sodium  bromide  +  water  +  sodium  carbon- 
ate-f  nitrogen.  The  nitrogen  produced  is  given  off  as  gas,  and  dis- 
places the  water  in  the  graduated  tube,  which  is  held  over  it.  The  gas 
is  at  first  evolved  briskly,  but  afterward  more  slowly;  to  facilitate  its 
evolution,  the  bulb  of  the  tube  may  be  slightly  warmed  with  a  spirit 
lamp;  as  a  rule,  however,  this  is  unnecessary.  After  ten  minutes,  the 
amount  of  water  displaced  by  the  gas  should  be  read  off  on  the  tube, 
which  is  divided  into  tenths.  Each  number  on  the  tube  represents  one 
gram  of  urea  in  100  c.c.  of  urine.  Normal  urine  should  yield  roughly 
1.5-2.5  parts  of  nitrogen  by  this  test.  If  5  c.c.  of  urine  gives  off  more 
nitrogen  than  fills  the  tube  to  iii.,  dilute  the  urine  with  an  equal  volume 
of  water,  and  take  5  c.c. ;  read  off  and  multiply  by  two.* 

Several  apparatus  may  be  employed  instead  of  the  one  described,  viz., 
those  of  Dupre,  Gerard,  and  Squibb.  The  chemical  reactions  in  each 
case  are  the  same. 

(ii.)  Liebig's  Method. — This  method  is  of  greater  accuracy.  The 
solutions  required  are  (a)  baryta  mixture  =  2  vols,  of  saturated  solution 
of  barium  nitrate  and  1  voL  of  saturated  solution  of  barium  hydrate; 
(b)  standard  solution  of  mercuric  nitrate,  such  that  1  c.c.  will  precipitate 
.01  grm.  of  urea,  and  (c)  a  solution  of  carbonate  of  soda. 

Method, — Take  40  c.c.  of  urine,  add  20  c.c.  of  (a),  filter  off  the  pre- 
cipitate of  sulphates  and  phosphates;  keep  the  filtrate.     Fill  a  burette 

*  Several  corrections  have  to  be  made  before  the  result  can  be  considered  as 
accurate ;  for  these  the  detailed  accounts  in  practical  handbooks  of  Physiology 
should  be  consulted. 
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with  (J),  and  take  15  c.c.  of  the  filtrate  in  a  dish.  Let  (b)  fall  drop  by 
drop  into  the  15  c,c.  in  the  dish,  stirring  constantly.  Have  ready  a  glaa 
plate  with  several  separate  drops  of  {c),  and  from  time  to  time  add  a 
drop  of  the  nrine  mixture  by  means  of  a  glass  rod  to  one  of  the  drops. 
When  a  yellow  color  first  appears  in  a  drop  of  the  NaCOs,  the  mercuric 
nitrate  is  just  in  excess.     Read  the  burette.'    Calculate  as  follows: 

1  c.c.  of  mercuric  solution  precipitates  .01  grm.  of  urea  .-.  the  No.  of 
c.c.  used  X  .01  =  amount  of  urea  in  15  c.c.  of  filtrate,  t.^.,  in  10  c.c.  of 
urine.  But  10  c.c.  of  urine  usually  contains  enough  NaCl  to  act  on  2  c.c 
of  mercury  solution.*  Hence,  when  reckoning  the  number  of  ex,  of 
standing  mercury  solution  used,  a  deduction  of  2  c.c.  must  always  ht 
made. 

Quantitative  Esti^naiion  of  Chlorides. 

Liebig's  Method. — The  solutions  required  are  a  baryta  mixture  as 
above;  and  (b)  standard  solution  of  mercuric  nitrate,  such  that  1  cc 
would  be  capable  of  decomposing  .01  grm.  of  sodium  chloride. 

Method. — Take  40  cc.  of  urine  free  from  albumen,  and  add  20  cc.  of 
(a).  Filter.  Take  15  cc.  of  filtrate  and  place  in  a  flask  or  dish,  adding 
a  drop  or  two  of  nitric  acid.  Fill  a  burette  with  (b),  and  slowly  run 
some  of  this  solution  into  the  filtrate  in  the  dish,  stirring  constantly. 
As  soon  as  a  distinct  cloud  appears  in  the  diluted  urine,  and  does  not 
disappear  on  stirring,  then  all  the  sodium  chloride  in  urine  has  been 
decomposed.       Read  burette.     Calculate  as  follows : 

1  c.c.  of  mercury  solution  decomposed  .01  grm.  of  NaCl,  .-.  the 
number  of  cc  used  X  .01  grm.  =  number  of  grms.  of  XaCl  in  15  cc.  of 
filtrate,  i.e.,  10  c.c.  of  urine. 

Quaiit  if  afire  Estimatioyi  of  Phosphates. 

The  sohdions  required  are  {a)  solution  of  sodium  acetatey  containing 
100  grm.  of  sodium  acetate,  100  cc  of  acetic  acid,  and  900  c.c.  of  distilled 
water;  {h)  a  solution  of  uraimim  acetate  or  nitrate^  such  that  1  c.c  will 
precipitate  .005  grm.  of  phosphoric  acid ;  and  {c)  a  solution  of  ferro- 
cyanide  of  potassium. 

Method. — Take  50  cc.  of  urine.  Add  some  (a)  solution,  and  heat  on 
water-bath  to  nearly  100°  C.  Fill  burette  with  {b),  and  allow  this  to 
fall  into  the  urine  slowly.  Have  ready  a  glass  plate  with  several  distinct 
drops  of  potassium  ferro-cyanide  solution.  From  time  to  time  add  a 
drop  of  urine  mixture  to  one  of  the  drops;  and  when  there  first  np- 
pears  a  reddish-brown  color  in  a  drop  of  potassium  ferro-cyanide,  all  the 
phosphates  are  precipitated.     Read  burette.     Calculate  thus: 

1  cc  precipitates  .005  grm.  of  phosphoric  acid,  .".  the  number  of  cc. 
used  X  .005  grm.  =  number  of  grms.  of  phosphoric  acid  in  50  c.c.  of 
urine. 

*  This  is  only  a  rough  estimate. 
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Abdominal  muscles,  action  of  in  res- 
piration, 252 
Aberration, 

chromatic,  689 

spherical,  688 
Absorbents.    See  Lymphatics. 
Absorption,  863 

by  blood-vessels,  319 

by  lacteal  vessels,  3T7 

by  lymphatics,  378 

channels  of,  377 

conditions  for,  864 

by  the  skin,  879 

methods,  363 

process  of  osmosis,  ib. 

rapidity  of,  865 

See  Chyle,  Lymph,  Lymphatics,  Lac- 
teals. 
Accelerator  centre,  670 
Accidental  elements  in  hmnan  body, 

116 
Accommodation  of  eye,  681 

defects  of,  687 
Achroo-dextrin,  297 
Acids,  794 

in  gastric  juice,  816 
Acid-albumin,  107 
Acini  of  secreting  glands,  458 
Actinic  rays,  696 
Adenoid  tissue,  44 
Adipose  tissue,  46.     See  Fat. 

development,  47 

situations  of,  46 

structure  of,  47. 

use,  49 
Adrenals,  484 
After-birth,  755 
Air, 

atmospheric,  composition  of,  259 

breathing,  256 

complemental,  ib. 

reserve,  t6. 

residual,  ib. 

tidal,  ib. 

changes  by  breathing,  259 

quantity  breathed,  256 

transmission  of  sonorous  vibrations 
through,  655 

in  tympanimi,    or   hearing,   656  et 
seq. 

undulations   of,    conducted   by  ex- 
ternal ear,  654 


Air-cells,  247 

Air- tubes.     See  Bronchi. 

Albumin,  105 

acid,  107 

action  of  gastric  fluid  on,  317  et  aeq. 

alkali.  107 

characters  of,  ib. 

chemica]  composition  of,  103 

derived,  106 

egg,  106 

native,  106 

serum,  106 

of  blood,  139 
Albuminoids,  109 
Albuminous  substances,  103 

action  of  gastric  fluid  on.  317 
of  pancreas  on,  337 
Albumoses,  318 
Alkali -album  in,  107 
Allantoin,  400 
Allantois,  749 
Alloxan,  398 
Aluminium,  116 
Ammonia, 

cyanate  of,  isomeric  with  urea,  395 

exhaled  from  lungs,  262 

urate  of,  397 
Ammonium  sulphate  reaction,  105 
Anmion,  748 

fluid  of,  749 
Amoeba,  4 
Amoeboid  movements,  133 

cells,  4 

colorless  corpuscles,  134 

cornea- cells,  666 

protoplasm,  5 
Tradescantia,  5 
Amphioxus,  758 
Ampulla,  650 
Amyloid  substance,  109 
Amyloids  or  Starches,  111 

action  of  pancreas  and    intestinal 
glands,  338 
of  saliva  on,  297 
Amylopsin,  338,  354 
Amy  loses.  111 
Anabolic  nerves,  607 
Anelectrotonus,  449 
Angle,  optical,  680 
AuRulus  opticus  seu  visorius,  ib. 
Animal  heat.    See  Heat  and  Tempera- 
ture. 
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Animals,  distinctive  characters,  15 

V.  plants,  15 
Antialbumose,  818 
Antihelix,  646 
Antipeptone,  819 
Antitragus,  674 
Aphasia,  602 
Apnoea,  274 

Appendices  epiploicae,  382 
Appendix  vermiformis,  ib. 
Aqueeductus, 

cochleae,  650 

vestibuli,  ib. 
Aqueous  humor,  676 
Arachnoid,  587 
Arches,  visceral,  760 
Area  germinativa,  789 

opaca,  ib. 

pellucida,  ib. 

vasculosa,  747 
Areolar  tissue,  48 
Arsenic,  116 
Arterial  tension,  193 
Arteries,  167 

circulation  in,  199 

velocity  of,  218 

distribution,  167 

muscular  contraction  of,  288 

effect  of  cold  on,  201 

effect  of  division,  ib. 

elasticity,  199 
purposes  of,  ib. 

muscularit3%  200 
governed  by  nervous  system,  233 
puriwses  of,  ib. 

nerves  of,  169 

nervous  system,  influence  of,  233 

office  of,  ib. 

pressure  of  blood  in,  191 

pulse.     See  Pulse. 

rhythmic    contraction,    192,    201    et 
seq. 

structure,  167  et  seq. 

distinctions  in  large  and  small  ar- 
teries,  ib. 

systemic,  159 

tone  of.  233 

velocity  of  blood  in,  213 
Articulate  sounds,  classification  of. 

Vowels  and  Consonants,  527 
Arytenoid  cartilages,  516 

effect  of  approximation,  517 

movements  of,  ib. 
Asphyxia.  280 

causes  of  death  in,  282 

exix^riments  on,  283 

symptoms,  280 
Astigmatism,  688 
Atmospheric  air.  284.     See  Air. 

pressure    in  relation  to  respiration, 
ih. 
Auditoiy  canal,  654  et  seq. 

function,  ib. 
Auditory  centre,  614 


Auditory  nerve,  651,  654 

distribution,  ib. 
Auerbach's  plexus,  327 
Auricles  of  heart.     See  Heart. 
Automatic  action,  489 

cerebrum,  606  et  seq. 

medulla  oblongata,  570  et  mq. 

respiratory,  272 
Axis-cylinder  of  nerve-fibre,  91 

Bacterium  lactis,  467 
Barytone  voice,  524 
Basement- membrane,  454 
Bass  voice,  524 
Battery,  Daniell's,  428 
Benzoic  acid,  114 
Bicuspid  valve,  177 
Bidder's  ganglia,  222 
Bile,  354 

antiseptic  power,  884 

coloring  matter,  346 

composition  of,  845 

digestive  properties,  848 

excrementitious.  349 

fat  made  capable  of  absorption  by, 
848 

functions  in  digestion,  848 

mixture  with  chyme,  849 

mucus  in,  848 

natural  purgative,  849 

process  of  secretion,  i&. 

re-absorption,  850 

salts,  848 

secretion  and  flow,  849 

secretion  in  foetus,  ib. 

tests  for,  346, 

uses,  348 
Bilifulvin,  Biliprasin,  Bilirubin,  Bili- 

verdin,  346 
Bilin,  345 

preparation  of,  ib. 

re-absorption  of,  351 
Binocular  vision.  706 
Bioplasm,  2.     See  Protoplasm. 
Biuret  test,  104 

Bladder,  urinary.    See   Urinary  Blad- 
der. 
Blastema.     See  Protoplasm. 
Blastodermic  membrane,  20,  737 
Blind  spot,  691 
Blocking,  224 
Blood,  117 

arterial  and  venous,  152 

buffy  coat,  120 

chemical  composition,   151 

coagulation,   119  et  seq. 

color,  117 

coloring  matter,   144  et  seq. 

coloring  matter,  relation  to  that  of 
bile,  150 

comi>osition,  chemical,  187 
variations  in,   152 

corpuscles    or     cells     of,      129.     See 
Blood  -  corpuscles. 
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Blood — continued. 

corpuscles,  red,  129 
white,  132 

crystals,  144 

cupped  clot,  121 

development,  154 

extractive  matters,  140 

fatty  matters,  ib. 

fibrin,  121 
separation  of,  122 

gases  of,  142 

nsemoglobin,  144 

hepatic,  158 

odor  or  halitus  of,  118 

plasma,   117 

portal,  characters  of,  158 

quantity,  118. 

reaction,  117 

saline  constituents,  141 

serum  of,  189 

specific  gravity,  117 

splenic,   158 

structural  composition,  129 

temperature,  117 

uses,  157 
of  various  constituents,  ib. 

variations  of,  in  different  circum- 
stances,  151 
in  different  parts  of  body,  152 
Blood -corpuscles,  red,  129 

action  of  reagents  on,  180 

chemical  composition,  141 

development,  154 

disintegration  and  removal,  479 

method  of  counting,  185 

rouleaux,  130 

specific  gravity,  129 

stroma,  ib. 

tendency  to  adhere,  180 

varieties,  129 

vertebrate,  various,  131 
Blood- coipuscles.  white,  182 

amoeboid  movements  of,  184 

derivation  of,  157 

formation  of,  in  spleen,  156,  479 

locomotion,   188 

varieties,  ib. 
Blood -crystals,  144 
Blood  pressure,  191  €^  seq. 

in  veins,  197 

in  capillaries,  198 
osmotic  character  of,  211  et  seq. 

influence  of  nervous  system  on,  288 
Blood-vessels. 

absorption  by,  897 
Bone,  53 

canaliculi,  55 

cancellous,  54 

chemical  composition,  58 

compact,  54 

development,  58  et  seq, 

fimctions,  67 

S-owth,  66 
aversian  canals,  56 


Bone — continued, 

lacunce,  55 

lamellae,  57 

marrow,  54 

medullary  canal,  ib. 

periosteum,  55 

structure.  58 
Branchial  clefts,  760 
Brain.    See     Cerebellum,    Cerebrum, 
Pons,  etc. 

adult,  596 

amphibia,  597 

apes,  598 

birds,  597 

capillaries  of,  216 

child,  596 

circulation  of  blood  in,  216 

convolutions,  591 

female,  597 

fish,  597 

gorilla,  598 

idiots,  597 

lobes,  591 

male,  597 

mammalia,  ib. 

orang.  598 

proportion  of  water  in,  114 

quantity  of  blood  in,  216 

rabbit,  597 

reptiles,  ib. 

weight,  tb. 
relative,  ib. 
•  Breathing.     See  Respiration. 
Bronchi,    arrangement  and  structure 

of,  242 
Bronchial  ai-teries  and  veins,  248 
Brunner*s  glands,  829 
Buffy  coat,  formation  of,  221 
Bulb.    See  Medulla  oblongata. 
Bulbus  arteriosus,  767 
Burdach's  column,  542 
Butyric  acid,  113. 

Calcification   compared  with  ossifi- 
cation, 66 
Calcium  salts,  145 
Calorimeter,  491 
Calyces  of  the  kidney,  882 
Canal,  alimentary.    See  Stomach,  In- 
testine, etc. 

external  auditory,  646 
function  of,  654 

spiral,  of  cochlea,  651 
Canaliculi  of  bone,  55 
Canal  of  Schlemm,  671 

of  Petit,  676 
Cancellous  texture  of  bone,  54 
Cane  sugar,    112 
Capacity  of  chest,  vital,  256 
Cajiillaries,  170 

circulation  in,  210 

development,  784  et  segr. 

influence  of  on  circulation,  211 

lymphatic,  869 
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Capillaries — continued. 

network  of,  171 

number,  172 

passage  of  corpuscles  through  walls 
of,  211 

pressure  in,  198 

resistance  to  flow  of  blood  in,  210 

still  layer  in,  ib. 

structure  of,  170 
Capsule  of  Qlisson,  840 
Capsules,  Malpighian,  387 
Carbohydrates.  Ill,  800 
Carbonic  acid  in  atmosphere,  259 

in  blood,  151 

eflfect  of,  275 

exhaled  from  skin,  419 

increase  of  in  breathed  air,  259 

in  lungs,  265 

in  relation  to  heat  of  body,  492 

Brownian  movement,  8 
Carburetted  hydrogen,  114 
Cardiac  orifice  of  stomach,  action  of, 
825 

sphincter  of,  tb. 
relaxation  in  vomiting,  ib. 
Cardiac  revolution,  180 
Cardiograph,  184 
Cardio- inhibitory  centre,  227 
Carotid  gland,  587 
Cartilage,  49 

articular,  51 

cellular,  52 

chondrin  obtained  from,  58  t 

classification,  49 

development,  53 

elastic,  51 

fibrous,  52.     See  Fibro-cartilage. 

function,  53 

hyaline,  49 

matrix,  49 

nutrition,  51 

ossification,  60 

perichondrium  of,  49 

structure,  49 

temporary,  51 

uses,  53 

varieties,  49 
Cartilage  of  external  ear,  used  in  hear- 
ing. 655 
Cartilages  of  larynx,  515 
Casein.     See  Milk. 
Caseinogen,  107 
Cauda  equina,  537 
Cavity  of  reserve,  78 
Cause"^  of  fluiditv  of  living  blood,  128 
Cell  globulin,  126 
Cells,  2 

amoeboid,  4 

blood.     See  Blood -corpuscles. 

cartilage,  50 

chemical  transformation,  26 

ciliated,  32 

classification,  24 

connective  tissue,  38 


CeUs — continued. 
deca^  and  death,  26 
definition  of,  2 

epithelimn,  26.     See  Epithelium, 
fission,  13 
formative,  789 
functions,  8  et  seq. 
gemmation,  9 
modes  of  connection,  25 
nutrition,  7 
olfactory,  641 
organized,  20 
pigment,  27 
reproduction,  9 
segmentation,  20 
structure,  9  et  sea. 
transformation,  26 
varieties,  24 
vegetable,  16 
distinctions  from  animal  cells.  15 
et  seq. 
Cellular  cartilage.     See  Cartilage. 
Cellulose,  19 

Cement  of  teeth.     See  Teeth. 
Centres,     nervous,     etc.       See    Nerve- 
centres, 
of  ossification,  59 
Centrifugal  machine,  138 
Centrifugal  nerve- fibres,  531 
Centripetal  nerve- fibres,  ib. 
Cerebellum,  615 
co-ordinating  function  of,  618 
cross- action  of,  ib. 
effects  of  injury  of  crura,  ib. 

of  removal  of,  ib. 
functions  of,  ib. 
in  relation  to  sensation,  617 
to  motion,  ib. 
to  muscular  sense,  619 
structure  of.  615 
Cerebral  hemispheres.      See  Cerebrum. 
Cerebral  nerves,  571 
third,  573 
effects  of  irritation  and  injury  of. 

ib. 
relation  of  to  iris,  573 
fourth,  573 
fifth.  574 
distribution  of,  ib. 
effect  of  division  of,  575 
influence  of, 
on  muscles  of  mastication,  575 
on  organs  of  sp^ecial  sense,  57^ 
relation  of,  to  nutrition,  57b 
resemblance  to  spinal  nerves,  574 
sensory  function  of  greater  division 

of  fifth,  576 
sixth,  579 
communication    of,    "with  sjTnpa- 
thetic,  ib. 
seventh,  579 
eighth,  581 
ninth,  582 
tenth,  583 
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Cerebral  nerves — continued. 

eleventh.  586 

twelfth,  587 
Cerebration,  unconscious,  610 
Cerebrin,  596 

Cerebro-cerebellar  fibres,  604 
Cerebro- spinal    fluid,  relation  to  cir- 
culation, 218 
Cerebro- spinal  nervous  system,  582  et 

sea.    See  Brain,  Spinal  Cord,  etc. 
Cerebrum,  its  structure,  591 

chemical  composition,  596 

convolutions  of,  591  et  seq. 

crura  of,  588 

development,  776 

distinctive  character  in  man,  598 

effects  of  injury,  607 

removal,  607 

electrical  stimulation,  600 

functions  of,  606 

gray  matter,  594 

in  relation  to  speech,  602 

other  parts,  556  et  se^. 

localization  of  functions,  600 

structure,  594  et  seq. 

unilateral  action  of,  609 

weight,   597 

white  matter,  594 
Chambers  of  the  eye,  676 
Characteristics  of  organic  compounds, 

102 
Chemical  composition  of  the  human 

body,  102 
Chest,  240 

Cheyne-Stokes'  breathing,  280 
Chlorides  in  urine,  estimation  of,  808 
Chlorine,  115 
ChlorophyU,  17 
Cholesterin,  847 
Choletelin,  847 
Chondrin.  58,  110 
Chorda  dorsalis,  742 
Chorda  tympani,  299  et  seq. 
Chordae  tendinese.     See  Heart. 
Chorion,  750 
Choroid  coat  of  eye,  667 

blood-vessels,  668 
Choroidal  fissure,  685 
Chromatic  aberration,  689 
Chromophanes,  696 
Chyle,  876  et  seq. 

coagulation  of,  ib. 
Chyle-corpuscles,  876 
Chyme.  871 
Cilia,  38 
Ciliary  epithelium,  82 

function  of,  84 
Ciliary  motion,  84 

nature  of,  ib. 
Ciliaiy  muscles,  668 

action  of  in  adaptation  to  distances, 
684 
Ciliary  processes,  668 
Cinnilation  of  blood,  158 


Circulation  of  blood— cort^inued. 

action  of  heart,  159 

brain,  216 

capillaries,  210 

course  of,  158  e^  seq. 

discovery,  287 

erectile  structures,  218 

forces  regulating,  219 

influence  of  respiration  on,  275 

peculiarities  of,  in   different  parts, 
215 

proofs,  287 

pulmonary,  248 

systemic,  159 
in  veins,  212 

velocity  of,  215 
Circumvallate  papillsB,  804 
Claustrum,  590 
Clefts,  visceral,  760 
Clitoris,  718 

development  of,  790 
Cloaca,  789 

Clot  or  coagulum  of  blood.     See  Coag- 
ulation. 
Coagulation  of  blood,  119 

absent  or  retarded,  126 

conditions  affecting,  ib. 

theories  of,  125 

of  chyle,  876 

of  lymph,  ib. 
Coagulated  proteids,  109 
Coccygeal  gland,  487 
Cochlea  of  the  ear,  650 

office  of,  659 
Cohnheim's  flelds,  88 
Cold-blooded  animab,  489 
Colloids,  867 
Colostrum,  465 
Color-blindness.  704 
Colors,  optical   phenomena   of,  702  et 

seq. 
Color  sensations,  702 

theories  of,  ib. 
Columnar  epithelium,  81 
Complemental  air,  256 

colors,  704 
Conducting  paths  in  cord,  548 
Conjunctiva,  664 
Connective  tissues,  88 

classification,  41 

corpuscles  of,  41 

fibrous,  ib. 

gelatinous,  44 

general  structure  of,  88 

retifomi,  45 

varieties,  41 
Contraction  of  pupil,  685 
Control  centres,  571 
Convolutions,  cerebral,  591  et  seq. 
Co-ordination  of  movements,  611 
Cooking,  effect  of.  289 
Copper,  an  accidental  element  in  the 

body,  116 
Corona  rad lata, '589 
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Cord,  spinal     See  Spinal  Cord. 
Corium,  412 
Cornea,  665 

corpuscles,  666 

nerves,  ib. 

structure,  665 
Comeo-scleral  ^junction,  670 
Corpora  Arantii,  167 

geniculata,  591,  620 

quadrigemina,  ib. 
their  function,  i&. 

striata,  590 
their  function,  615 
Corpus  callosum,  558 

dentatum 
of  cerebellum,  591 
of  olivary  body,  565 

luteum.  728 
of  human  female,  729 
of  mammalian  animals,  ib. 
of    menstruation   and    pregnancy 
compared,  730 
Corpuscles  of  blood,  129.   See  Blood-cor- 
puscles. 
Corti's  rods,  653  et  seq. 

office  of,  650 
Cowper's  glands,  731 
Cranial  nerves.     See  Cerebral  nerves. 
Cranium,  development  of,  757 
Crassamentum,  119 
Crescents  of  Gianuzzi,  294.     See  Semi- 

lunes  of  Heidenhain. 
Crico-arytenoid  muscles,  517 
Cricoid  cartilage,  515 
Crossed  pyramidal  tract,  543 
Crura  cerebelli,  616 

effect  of  dividing,  619  et  seq. 
of  irritating,  tb. 

cerebri,  588 

their  office,  588 
Crusta,  588 
Crustii  petrosa,  74 

phlogistica,  120 
Crvstallin,   108 
Crystalline  lens,  669 

in  relation  to  vision  at  different  dis- 
tances, 682 
Crystalloids,  865 

Cupped  appearance  of  blood-clot,  121 
Curdling  ferments,  466 
Currents  of  action,  438 

ascending,  447 

continuous,  428 

descending,   447 

induced.  430 

muscle.    426 

natural.  ?7>. 

negative  variation,  438 

nerve.  448 

polarizing,  ih. 

rest,  426 
Cuticle.     See  Epidermis,  Epithelium. 
Cutis  vera,  412 
Cystic  duct,  340 


Cystin  in  urine,  402 

Daltonism,  704 
DanieU's  battery,  428 
Decidua, 

menstnialis,  728 

reflexa,  758  . 

serotina,  ib, 

vera,  ib. 
Decomposition,  tendency     of    animal 

compounds  to,  108 
Decomposition-productB,  104 
Decussation  of  fibres  in  medaUa  ob- 
lonp^ta,  564 

in  spinal  cord,  540 

of  optic  nerves,  612 
DefsBcation,  mechanism  of.  554 

influence  of  spinal  cord  on,  554 
Degeneration  method,  542 
Deglutition.    See  Swallowing. 
Dentine,  71 
Depressor  nerve,  284 
Derived  albumins,  106 
Derma,  412 

Descemet's  membrane,  866 
Deutero-albumose,  819 
Development,  734 
of  organs,  756 

alimentary  canal,  781 

arteries,  768 

blood-vessels,  ib. 

brain,  775 

capillaries.  768 

cranium,  758 

ear,  781 

extremities,  762 

eye,  778 

face  and  visceral  archee,  760 

fibrous  tissue,  45 

heart,  763 

liver,  783 

lungs,  785 

medulla  oblongata,  776 

muscle,  89 

nerves,   774 

nervous  system,  774 

nose,  781 

organs  of  sense,  778 

pancreas,  783 

pituitary  body,  759 

respiratory  apparatus,  785 

salivary  glands,   783 

spinal  cord,  775 

teeth,  74 

vascular  system,  763 

veins,  770 

vertebral  column  and  cranium,  752 

visceral  arches  and  clefts,  760 

of  Wolffian  bodies,  urinary  appara- 
tus and  sexual  organs,  786 
Dextrin.  112 
Dextrose,  ib. 
Dial)etes,  471 
Diapedesis  of  blood -corpuscles,  212 
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Diaphragm.    See  Inspiraticm,  etc. 
Diastase  of  liver,  469 
Diet,  bOQetaeq. 
Digestion,  285 

in  the  intestines,  858,  855.    See  Gas- 
tric fluid,  Food,  Stomach. 
Dilatation  of  pupil,  685 
Diplopia,  706 
Direct  cerebellar  tract,  548 

pyramidal  tract,  548 
Dorsal  laminae,  742 
Double  hearing,  662 

vision,  706 
Dreams,  611 

Drowning,  cause  of  death  in,  280 
Ductless  glands,  758 
Ducts  of  Cuvier,  772 
Ductus  arteriosus,  774 

venosus,  773 

closure  of,  774 
Duvemey's  glands,  718 
Dyspnoea,  280 

Ear,  646 

bones  or  ossicles  of,  647 
function  of,  657 

development  of,  781 

external,  646 
function  of,  654 

internal,  649 
function  of,  659 

middle,  647 
function  of,  655 
£!gg-albumin,  106 
Elastic  cartilage,  51 

fibres,  40 

tissue,  42 
Elastin,  41,  110 
Electricity, 

in  muscle,  425 
nerve,  446 
retina,  696 
Electrotonus,  448 

Elementary  substances  in  the  human 
body,  102 

accidental,  116 
Embryo,  734  et  seq.  See  Development. 
Embryological  method,  542 
Embryonic  shield,  740 
Emmetropic  eye,  687 
Emotions,  connection  of,  with  cerebral 

hemispheres,  606 
Emulsification,  338 
Enamel  of  teeth,  73 
Enamel  organ,  74 
Enchylema,  9 
End-bulbs,  98 
End- plates,  motorial,  88 
Endocardiac  pressure,  186 
Endocardium,  165 
Endolymph,  653 
Endosmometer,  864 
Endothelium,  27 

distinctive  characters,  t&. 


Endothelium— con^tnued. 

germinating,  29 
EneiTKy, 

daily  amount  expended  in  body,  510 
Epencephalon,  777 
Epiblast.  20,  789 
Epidermis,  410 
Epididymis,  719 
EpigloUis,  241 

structure,  241 
Epithelial  tissues,  26 
Epithelium,  ib. 

ciliated,  82 


columnar,  81 
cylindrical,  ib. 
glandular,  ib, 
goblet-shaped,  81 
simple,  27 
spheroidal,  81 
squamous  or  tessellated,  27 
stratified,  85 
transitional,  ib. 
Erect  position  of  objects,   perception^ 

Erectile  structures,  circulation  in,  218- 
Erection,  ib. 

cause  of,  ib. 

influence  of  muscular  tissue  in,  ib. 

a  reflex  act,  555 
Erythro-granulose,  297 
Erythro- dextrin,  ib. 
Ethers,  794 
Eustachian  tube,  647 

fimction  of,  658 
Excretion,  881 
Elxercise, 

effects  of,  on  production  of  carbonio- 
acid,  261 

on  temperature  of  body,  489 
Expenditure  of  body,  509  et  seq. 
Expiration,  252 

influence  of,  on  circulation,  278 

mechanism  of,  252 

muscles  concerned  in,  ib. 

relative  duration  of,  255 
Expired  air,  properties  of,  259  et  8eq. 
Extremities,  development  of,  762 
Eye,  664 

adaptation  of  vision  at  different  dis- 
tances, 681  et  9eq. 

blood-vessels,  676 

development  of,  778 

optical  apparatus  of,  677 

refracting  media  of,  678 

resemblance  to  camera,  ib. 
Eyelids,  663 

development  of,  780 
Eyes,  simultaneous  action  of,  in  vision,. 
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Face,  development  of,  761 
Facial  nerve,  579 
effects  of  paralysis  of,  580 


^^^     m2                ^^^^^^^^n 

^^^^^^^^^^^^^^^1 

^^m             Facial  nerve — coniirnted. 

Food— con  ffnii«d,        ^^^^^^^^^^^H 

^H                  rt^latioD  of,  tii  expressioQ,  fS81 

of  man,  50($                                      ^^^^H 

^H             FttML-es,  cotnixisition  tif.  359 

tofi  little,  501                                ^^^B 

^H                  ouautity  of.  ib. 
^H              Fa  lopiau  tubes,  71G 

too  much,  505                                    ^H 

vegetable,  containB  aitroenMMM  prfa^^^B 

^H             Fasting, 

ciples,  2m                                            H 

^H                 mflu€tnce  on  secretion  of  bile,  502 

Foot'iKiund,  181                                  ^^^B 

^H              Fat.  See  Adipose  tissue. 

Foot  ton,  i&.                                        ^^^^1 

^^J^            actiou  of  bile  on,  lUH 

Forced  movemeota,  620                  .X^^l 

^^^^L              of  pancreatic  Hecretion.  d98 

Form  of  Ixxiies.  how  eat i mated,  TlT^^B 

^^^^H              of  Hiiiiill  int^eatiuti  on,  354 

Formation  of  fat,  5(»3  d  mq,                   ^H 

^^^^H          abRorlMMJ  by  lact^aLs,  877 

urinar>^  sol  ids.  475                        ^^^H 

^^^H          formation  of.  oMl 

Formic  acid,  113                                ^^^^H 

^^^^          aituations,  where  found,  46 

Fornix,  5,58                                           ^^^^ 

^V                 uses  of,  49 

Fourth  cranial   nerve,    8m   Cer^mt 

^B             FattvacidB.  113.  705 

nerves.                                                   ^i 

^m              Fwlmer's  law,  mii 

Fovea  centralis,  675                                  ^B 

^H              Felvlings  method  for  sugar  io  uniie» 

Fundus  of  eye.  0i*3                            ^^^H 

^H 

Fundus  of  uteniK.  717                        ^^^^M 

^H              Female  generative  organs,  712 

Funiculus  of  Rolando,  r)d.i                ^^^H 

^H              Fene.stra  oval  is,  tt48 

Furfur  aldehyde,  844                         ^^^B 

^H                  rotuiitlu.  B5II 

Fuse  in,  f]m                                         ^^H 

^B              Ferments,  ^m 

^^^^B 

^m              Fiiires  of  MUller,  67« 

Galactophorous  ducts,  44IS           ^^^M 

^H              Fibrils  or  iiiainenta,  13 

Galact<m\  113                                    ^^^B 

^B              Fihriu.  t(»i».  141 

Gall  bladder,  344                               ^^H 

^H                   in  chyUN  377 

structure,  i7i.                                    ^^^^B 

^H                   ferment,  125 

Galvanonieti^rs*  424                           ^^^^B 

^H                  foniiation  of,  122 

Ganglia.     Sfe  Nerve  centrea.           ^^^^B 

^H                 sources  and  prc>t>ertie9  of,  109 
^m             Fibrinogen,  12*2  et  seq.,  im 

Ganglion,  Gaaaerian,  ti23                ^^^B 

Oaaes,  114                                         ^^H 

^H              FihriuoplaMtin.  ib. 

in  bile,  348                                      ^^H 

^H               Fihro. cartilage,  53 

iu  blood.   142                                    ^^H 

^H                   elassitication,  ib. 

extmction  fn>ni  b1oi>d«  ib.            ^^^^H 

^H                   development,  53 

in  stomach  and  inteaUnea^  9&^  ^^^H 

^H                   white. 

in  urine.  39t                                    ^^^H 

^H                   yellow,  51 

Ga.stric  glandjii,  312                            ^^^H 

^H               Fibrous  tissue,  41 

Gastric  juice.  815                               ^^^^B 

^^^^H           while,  ib. 

acid.'*  m,  316                                     ^^^^ 

^^^^H 

acid,  tent  for,  ib.                                             ] 

^^^H            development,  45 

action  of,  on  nitrpje©non«  f™i-l    ttt^J 

^^f             Fick  s  kyniogi-aph,  195 

on  non -nitrogenous  f>                         ^B 

^B              Field  of 'vision,  actual  and  ideal  size 

on  saccharine  and  an     >          itiii'^B 

^B                      of.  4198 

ciples,  Uk                                            ^B 

^B              Fifth  nerve.     5ee  Cerebral  Nerves. 

characters  of,  315                              ^^^B 

H              Fillet.  m)5 

com^KTHition  of.  316                        ^^^^M 

^1               Filtration.  403 

dij^eetive  p«iwer  of,  317                 ^^^^| 

^1              Flet^h,  of  animaLs,  285 

ex|)Prirnents  with,  317                   ^^^H 

^B              Fkuds,  paaeage  of «  through  membranea. 

pepsin  of,  316                                    ^^^^H 

H                      363 

ijuauiity  of,  3t6                               ^^^^| 

^B              Fluoride  of  calcium,  115 

secretion  of,  823                              ^^^H 

^B               ^^^^  distance,  ftHl 

how  excittH],  ib.                          ^^^^H 

^B              Fcetus. 

influence  of,  nervous  tytfUan  ooJm^B 

^B                  circulation  in,  T72 

Gelatin »  109                                               ^B 

^^                  communication  with  mother,  754 

as  food,  505                                       ^^H 

'                          niembrancfi,   747  et  >teq. 

acti<»n  of  gaatric  juice  on.  St^   -^^^H 

Folds,  head  and  tail,  744 

action  of  i)aiicre«atic  jnicn*  an,  Jtt^^^B 

Folliclea,  Graafian.    See  Graaflati  Vea- 

icles. 

Gen«rntton  and  dairelopaient  712         ^B 
Generative  organs  of  the  fcnmle,  719   ^B 

Food,  2H5 

claaeificatiou  of,  ib. 

of  the  male,  718                                      ^B 

diKefftibility  of  articles  of,  288 

Gerlarh'8  network.  540                             ^B 

value  dependent  on,  t6* 

Germinal  area,  737                            ^^^B 

imptYTper,  5(M 

epithelium,  713                              .^^^^B 
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Germinal  membrane, 

spot.  2.  715 

vesicle,  ib. 
Giant  cells,  54 

Gland.     See  names  of  different. 
Gland,  prostate,  724 
Glisson  s  capsule,  343 
Globulin,  108 

distinctions  from  albumin,  ib. 
Globus,  major  and  minor,  720 

development,  736 
Glosso-pliaryn^al  nerve,  272,  683 

communications  of,  588 

motor  filaments,  583 

a  nerve  of  common  sensation  and  of 
taste,  ib. 
Glottis,    action  of  laryngeal   muscles 
on.  517 

forms  assumed  by,  522 

narrowing  of,  proportioned  to  height 
of  note,  523 

respiratory  movements  of,  523 
Glucose,  111,  113,  800 

in  liver,  468 

test  for,  113 
Gluten  in  vegetables,  388 
Glycerine.  Ill,  388 
Glycin,  345,  795 
Glycocholic  acid,  345 
Glycogen,  19,  113 

characters,  113 

destination,  469 

preparation,  ib. 

quantity  formed,  ib. 

variation  with  diet,  ib. 
Glycosuria,  470 

artificial  production  of,  ib. 
Gmelin's  test,  347 
Golgi.  101 
Goll's  column,  543 
Graafian  vesicles,  713 

formation  and  development  of,  713  et 
aeq. 

relation  of  ovum  to,  ib. 

rupture  of,  changes  following,  738  et 
sea. 
Granular  layers  of  retina,  673 
Grape-sugar.     See  Glucose. 
Grav  matter  of  cerebellum,  563 

of  cerebrum,  ib. 

of  crura  cerebri,  ib. 

of  medulla  oblon^ta,  ib. 

of  pons  Varolii,  w 

of  spinal  cord,  540 
Groove,  primitive,  740 
Growth,  7 

coincident  with  development,  8 

of  bone,  66 

not  peculiar  to  living  beings,  8 

Habitual  movements,  609 
Heematin,  149 

hydrochlorate  of,  150 
Haemadynamometer,  194 


Haematoidin,  150 
Hsematoporphyrin,  149 
Heemin,  150 
Hsemochromogen,  ib. 
Haemocytometer,  136  et  seq. 
Haemoglobin,  144  et  sea. 
action  of  gases  on,  146 
derivatives  of,  149 
distribution,  144 
estimation  of,  147 
spectrum,  146 
Hair-follicles,  415 

their  secretion,  471 
Hairs,  415 

structure  of,  ib. 
Hamulus,  653 

Hassall,  concentric  corpuscles  of,  481 
Haversian  canals,  56 
Head-folds,  744 

Hearing,  anatomy  of  organ  of,  646 
double,  663 
impaired  by  lesion  of  facial  nerve^ 

580 
influence  of  external  ear  on,  654 
of  labvrinth,  659 
of  middle  ear,  665 
physiology  of,  654 
See  Sound,  Vibrations,  etc. 
Heart,  159  et  seq. 
action  of,  176 
accelerated,  336 
force  of,  189 
frequency  of,  ib, 
inhibited.  335 
after  removal,  331 
rhythmic,  230  et  seq. 
work  of.  191 
auricles  of.  161,  163 

See  Auricles, 
capacity,  164 
chambers,  161 
chordae  tendineae  of,  166 
columnae  camae  of,  ib. 
course  of  blood  in,  159 
development,  766 
electrical  phenomena,  331 
endocardium,  165 
force,  189 
frog's,  331 
ganglia  of,  ib. 
impulse  of,  183 

tracing  by  cardiograph,  184  et  seq. 
influence  of   pneumogastrio   nerve 
335 
of  sympathetic  nerve,  336 
investing  sac,  159 
metabolism,  331 
muscular  fibres  of.  86,  164 
musculi  papillaries,  66 
nervous  connections  with  other  or- 
gans, 337 
rhythm,  220 
nervous  system,  influence  on,  22{ 
revolution  of,  180 
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Heart— cow  /  f  rt  ned, 

riiytlHiiieal  coutractility*  230 

»ituatioD,  159 

sotiiid>$  of,  181 
ttauses,  181 

BlTuctiire  of,  164 

vahea.   Ifi.') 
art^?rial  or  semi  lunar,  16d 
function  of,   17U 

auriotilo- ventricular,  164 
function  of,  177 

ventricteB.  their  action,  163 

work  of.  191 
Heat,  animal.     See  Temperature, 

influenct>  of  nervoue  njstem,  495 
of  various  circumstances  on»  404  ef 
Heq. 

If^tsen  by  radiation,  etc. ,  493 

sources  and  modew  of  production,  490 
Heat  ceutrea,  497 
Hetit'pnxlucini^  tissues,  491 
Heat  or  rut, 

analogous  to  menstruation,  tb. 
Height,    relation    to    respiratory    ca* 

paeity.  '257 
Helicotrema.  ^52 
Helix  t)f  ear,  (>46 

Hf'mi spheres,  Cerel*ral.  See  Cerebrum, 
HerbivorouH  animsib, 

^)erception  of  odf^rs  by,  644 
Heriu^'s  theory,  7()3 
Hetero-albuuiowe,  HXH 
Hiccough,  mechanism  of,  267 
Hippuric  acid,  475 
Horse's  blood,  peculiar  coagulation  of, 

120 
Hun>,'er.  seni^ation  of»  628 
Hyaloplaism,  9 

Hybernation,  state  of  thymufl  in,  48S 
Hydrobllirubin,  347 
Hydrof:arl>ons.  794 
Hydrocele  Huid,  122 
Hydro|?en.  114 
Hvdrolvtic  fermente.  799 
Hymen.  718 
Hypermetropia,  688 
Hyiier|>nrea.  280 
Hvi>ermTexia,  489 
Hypoblaet,   20 
HytMJi^bM^Hal  nerre,  587 
Hy|M>xanthin,  4()0 

Ibeab,  connection  of,  with  cerebrum, 

em 

Ileo-cfeoaJ  valve,  834 

Illusions^  629 

Imai^,  formation  of,  on  retina,  680 

Impulse  of  heart,  183 

Income  and  output  of  energy,  509 

Inciw,  648 

function  of,  656 
Indiran,  399 
Indim>.  ib, 
Indol  387 


Induction 

coil.  429 

current,  ib, 
Infundibulum,  247 
Inhibitor>^   inflin  m  i  of  [iiii  iiiiinn^agliUj 

nerve,  225 
Inhibitor^'  heat-centre.  498 
Inogen,  451 
Inorganic  matter*  distinctioii  frotnor 
jp,nized,  102 

principles.  114 
Inosite*  113 
Innalivation,  291 
Inqjiration,  249 

elastic  rt*ai stance  overcome  by,  i2i. 

extraordinary.  251 

force  ertiployed  in,  257 

influence  of.  on  circulatioQ*  37$ 

mechanism  of,  249 
Intercellular  substance*  88 

|i}iii8age,  247 
Interco^al  muscles,  action  in 
tion,   251  ft  Mfif 

in  expiration,  252 
Ititf*rnal  capsule.  5H9 
Int<*stina(  juice.  352,  855 
Intv ratines,  digestion  in, 

large,  digestion  in,  855 
movements,  3t'>7 
small,  cb&ngee  of  food  iii«  861 
Invereive  ferments,  t&. 

Involuntary^  muscles, 

actions  of.  446 

struct  ure  of,  79 
Iris.  IW8 

action  of,  iT>.  et  tteq. 

in  adaptation  to  distanoea, 

development  of,  780 
Iron,  116 
Irradiation,  690 

Jacobsox's  nerve,  588 

Jaw,  interarticular  cartilage,  991 

Judgment.  887 
Juice,  gastric,  815 

pancreatic,  886 
Jumping,  446 

KARTOKINfiSlS,    18 

Karyomitosis.  ih, 

KataWdic  nerves,  627 

Katelectrotonufl,  448 

Keratin,  111 

Key,  428 

Kidneya,  their  atructtire,  381 

bbxid-vessetiiof,  bow  di^tribtited, 

ca]uilari<^,  of,  ib 

development  of,  785 

function  of.    See  Urine, 

I^falpighian  oorpuacles  of, 

nerves,  889 

tubules  of,  3H2  et  weq. 
Kreattn.  428,  796 
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Kreatinin,  428,  400.  796 
Kymo^ph,  194 

tracings,  195 

spring-,  196 

Labia,  externa  and  interna,  718 
Labyrinth  of  the  ear.     See  Ear. 
Lachrymal  apparatus,  664 

gland,  i&. 
Lacteals,  331 
Lactic  acid,  114 

in  gastric  fluid,  316 
Lactose,  112 
Laevulose,  ib. 
Laminae  dorsales,  742 

Tiscerales  or  ventrales,  746 
Lardacein,  109 

Large  intestine.     See  Intestine. 
Larynogscope,  519 
Laiynx,  construction  of,  240,  515 

muscles  of,  517 

nerves  of,  519 

variations  in  according  to  sex  and 
age,  524 

vocal  cords  of,  515 
Lateral  plate,  743 
Lateral  ventricles,  558 
Laughing,  269 
Law  of  contraction,  449 
Lead  an  accidental  element,  116 
Leaping,  446 
Lecithin,  347 
Lens,  crystalline,  669 
Lenticular  ganglion,  relation  of  third 
nerve  to,  573 

nucleus,  590 
Leucin,  337 
Leucocytes.    See  Blood  corpuscles 

(white) . 
Lieberk{lhn*s  elands,  328 
Lingual  branch  of  fifth  nerve,  578 
Lips,  influence  of  fifth  nerve  on  move- 
ments of,  575 
Liquor  amnii,  749 
Liquor  sanguinis,  or  plasma,  117 
Liver,  340 

action   of,    on  albuminous  matters, 
472 

on  saccharine  matters,  468 

blood-vessels  of,  342 

capillaries  of,  ^. 

cells  of,  341 

circulation  in,  842 

development  of,  788 

functions  of,  158,  467  et  sea. 

glyco^nic  fimction  of,  46o 

secretion  of.     See  Bile. 

structure  of,  341 

sugar  formed  by,  468  et  9eq. 
Loop  of  Henle,  384 
Ludwig's  air-pump,  142 
Limgs,  244 

blood-supply,  248 

capillaries  of,  ib. 


Lungs — continued. 

ceUs  of,  246 

changes  of  air  in,  259 

changes  of  blood  in,  264 

circulation  in,  248 

contraction  of,  258 

coverings  of,  245 

development  of,  786 

lobes  of,  246 

lobules  of,  ib. 

lymphatics,  249 

muscular  tissue  of,  245 

nerves,  249 

nutrition  of,  248 

position  of,  244 

structure  of,  246 
Luxus  consumption,  504 
Lymph,  876 

compared  with  chyle,  877 
with  blood,  ib. 

current  of,  371 

quantity  formed,  377 
Lymph- corpuscles,  ib. 
Lymph-hearts,    structure    and   action 
of,  372 

relation  of  to  spinal  cord,  ib. 
Lymphatic  glands,  372 
Lymphatic  vessels,  867 

absorption  by,  878 

arteries  and  veins  of,  175 

communication  with  serous  cavities, 
370 

communication  with  blood-vessels, 
368 

course  of  fiuid  in,  871 

distribution  of,  367 

origin  of,  369 

structure  of,  371  et  seq. 

valves  of,  371 
Lymphoid  or  retiform  tissue,  44.  See 
Adenoid  Tissue. 

Macula  germinativa,  715 
Male  sexual  fimctions,  731 
Malleus,  648 

function  of,  655 
Malpighian   bodies  or    corpuscles    of 
kidney,  383.    See  Kidney, 

corpuscles  of  spleen,  478  et  seq. 
Maltose,  112.  297 
Mammary  glands,  462 

evolution,  463 

involution.  464 

lactation,  ib. 

structure,  462 
Mandibular  arch,  761 
Manganese,  116 
Mastication,  291 

centre,  291 

fifth  nerve  supplies  muscles  of,  291 

muscles  of,  io. 
Mastoid  cells,  647 
Meatus  of  ear,  646 
Medulla  oblongata,  662  et  9eq. 


^H                                                                                                                            ^^^H 

^^M           Medulla  ohlongatEi-^continued, 

Mind,  cerebral  hemt£ti>li6rellM<MMML^H 

^^H                ooLuinns  of,   fb. 

of,  606                        ^^gH 

^H                conduct »oii  of  mvpressionB,  568 

Modiolus.  6541                                       ^^^1 

^^m               decud^tioii  of  tibn*$.  504 

Molars.     See  Teeth.                               ^^^B 

^^m                effects  of  injury  and  disease  of,  569 

Molecular  l>aw  of  Chvle.     See  ChjleL     ^M 

MoltHular  layers.  67H,  674                   ^^^M 

^H               fibres  of.  how  distTihutol.  5G3 

^^M                 fiiU€tiou8  of,  o>HH  et  seq. 

^InrpholoKical  development,  20           ^^^^H 

^^m                important  to  life.  *i6U 

3Iotorarea8,  509                                      ^^1^^ 

^^H                nerve- centres  in,  ib. 

MoUiT    impulbos,    transmissinn    of    te         ■ 

^^m               pvnuuida  of,  anterior,  503 

cord.  549 

^^H                ]iot^terior^   ib. 

nerve- tibres,  531 

^^M                Htructure  of,  ib. 

laws  of  action  of,  ib. 

^^m            Mi'dtilhiry  folds. 

Mouth,  changes  of  food  in,  290  H  mq,    ^Jl 

^^m                 i^roove.  ib. 

Movements,                                                   ^M 

^^H                 plate,  ib. 

of  even,  685                                                    ^M 

^^M            HeisBner'R  plexus,  827 

of  intestines.  357                                       ^^t 

^H            Melanin,  6tHi 

protoplasm,  4                                      ^^^^H 

^^M           Mem  b  mo  a  decidiia,  758 

Mucigeu,  myz                                  ^^^M 

^^M                ^ranuloBa.  714 

^H               development  of  into  corpus  luteum, 

Mucin,                                                       ^^^M 

Mucous  iiiend>rane.  456                        ^^^if 

^m 

ba4M?meiit  membrane  of.  457                          1 

^H                HmitaDs  externa,  (374 

epithelium-cells  of,  Ok    8m  Epilbe-  ^1 

^^B                     interrm,  672 

Hum.                                                       ^H 

^H             Membrana  propria  or  basement  mem- 

digestive  tract.  456                                   ^H 

^H                   brane.     See  Basement  Membrane. 

gastro' pulmonary  tract,  ib,                    ^^M 

^m                iTinpaai,  648 

gen  i to  urinary  tract,  457                ^^^B 

^H                    office  of,  650 

gland -celhi  of,  457                             ^^^H 

^H            Membrane,  blastodermic,  737 

of  intestines,  456                               ^^^H 

^^B                of  the  brain  and  spinal  cord,  537 

of  Btomach,  ib,                                    ^^^^B 

^^M                vitelline,  714 

of  uteru8,  changes  of  in  |>regiBaiie]r,.  ^H 

^H            Membraoe.s  of  brain,  537 

^^M 

^H           Membranetj,  mucous.  See  Mucous  mem- 

res|)irator>'  tracts  456                             ^H 

^H                    brauea. 

Mucus.  457                                                ^^^^H 

^H            Membranes,  passage  of  fluids  through. 

Midler's  tibres,  672                                ^^H 

^H                    See  Osmosis. 

Murexide.  398                                         ^^^^| 

^H             Membranes,  serous.     See  Serous  mem- 

Mu^le.                                                   ^^H 

^H                     branes. 

fictivity,  426                                       ^^^^M 

^H             Membranous  labyrinth.     See  Ear. 

casket,  83                                             ^^^H 

^H            Memory    relaiii>n    to    cerebral   hemi- 

chemical  constitntion,  4^             ^^^^1 

^H                     spheres,  6U6  et  aeq, 

clot.  422                                                ^^H' 

^H             Menstrual  diHcharKe.    composition  of. 

contractility,  426                                     ^H 

■ 

contraction!  mode  of,  4M               ^^^M 

^H             Menstruation,  725 

coqjuscles,  83                                    ^^^H 

^H                 coincident  with   discharge  of  ova. 

curves,  434                                           ^^^^B 

B 

development,  89                                ^^^H 

^H                 corpus  luteum  of«  730 

disc  of  Hensen,  83                          ^^^H 

^H                 time  of  appearance  and   cessation. 

elasticity,  423                                     ^^^^H 

H 

electric  currents  in,  42i                 ^^^H 

^              MercuriaJ  manometer,  193 

fati^ie,  436                                       ^^^H 

Me«*eneephalMti,  777 

curves.  r7>.                                          ^^^^H 

Mesobkst.  2o.   739 

growth,   89                                           ^^H 
jeart.  m                                                     1 

Mesocephalon.   777 

Mete ricepl val*  tn ,  i5. 

heat  developed  in  oontrftdioii  of,  4M        J 

Metha?oio^lobin,   147 

involuntary,  446                                         ^m 

Micro-orgranisms  in  intestines,  856 

act  ion  A  of.  447                                      ^^M 

Micturition,  4m 

metHbolism.  421                                  ^^^^H 

Milk,  as  fiKxI.  287 

natural  currents.  424                       ^^^H 

elieiiiical  composition,  466 

nerves  of.                                            ^^^^H 

properties  nf,   ib. 

non- striated,   79                                  ^^^^H 

hecretion,  of  464 

phy«)olog>'  of,  421                             ^^^H 

Mi  Ik -curdling  ferments,  466,  799 

^^^H 

Milk  globide«,  465 

plasma,                                                ^^^^M 

Milk  teeth.  67  et  w«. 

Billion  8  reagent  and  teet,  1U5 

reaction,  4^                                    ^^^^H 

response  to  ttiinuU,  437  «<  «af    ^^^H 

^^^^^^^^^^^^^^            moEX.                   ^^^^^^         81lH 

^^/[mc\e—eontinued. 

Nerve- corpuscles,  96  ef  seg,                   ^M 

■^  rost  cjf .  42a 

caudate  or  stellate,  Q>.                      ^M 

^B     reticylum,  M 

|M)!ar,  ib,                                          ^^^M 

^m     rigor.  444) 

Nerves,   534)                                           ^^^H 

^B     Barcolewma^  82 

action  of  stimuli  on,  447             ^^^H 

^H    aenim,   421 

currents  of,  446                          ^^^H 

^f    shape,  changes  in,  437 

afferent.  531                                    ^^^H 

^^     skeletal  mi 

axiH-cvlioder  of,  91                       ^^^H 

1           sound,  developed  in  contraction  of,  436 

cells,  m                                          ^^H 

^m      Bounce  of  action  of,  451 

centrifugal,  531                             ^^^H 

B^     Htimnli.  427 

centri]^ietal,   ib,                                ^^^^M 

^^   striuteU.  m 

cerebro- spinal,   532                        ^^^^| 

^H  fltrurture.  ib.  et  aeq. 

dassilication,  89                           ^^^H 

^r  tetanus.  434 

conduction  by,  530  et  «eg.          ^^^1 

■          tuitch,  4^3 

rate  of.  532                                          ^H 

unatriped,  79 

cranial.     See  Cerebral  Nerves,     ^^^B 

Tolujitar>%  80 

efferent.  531                                      ^^^H 

actions  ot  441 

electrical  currents  of,  446            ^^^H 

work  of.  485 

functions  of,  530                            ^^^^M 

Muscular  action.  436 

funiculi  of.  94                                  m^^^M 

ronditiims  of,  438 

gniy,  y9.  92                                    ^'^M 

force.  435 

impressions    on,    referred     to     pe-^| 

Muscular  irritability,  427 

ripbery  531                                            ■ 

duration  of,  after  death.  441 

inbihitory.     See  Inhibitory  Action.  ■ 

-    MujiTular  motion,  426 'e*  seq. 

intercentral.  531                                        ^M 

sense.  f>a6 

laws  of  conduction,  531  et  scg.           ^1 

MuscuJaris    mucosae,  831 

medullary  sheath,  90                             ^M 

Musical  siiuntig.  061 

meibillated.   80                                 ^^H 

Myo  albumin.  422 

neuritetnma,  90                              ^^^H 

Myograph.  431 

nodes  of  Ranvier,  92                    ^^^H 

peuduluMt,  432 

non-meduUated,  92                     ^^^H 

Myo  h^ematiu,  428 

Ductei,  90                                        ^^H 

Mvopia,  or  short  sight,  687 

plexuses  of,  95                                ^^^^H 

MVowin,   im.  422 

primitive  nerve  sheath,  90          ^^^H 

Veriuent,  423 

size  of,  92                                       ^^H 

Myoeinogen,  423 

spinal.     See  Spinal  Nerree.         ^^^| 

stimuli.  447                                    ^^^™ 

Nam.   416 

structure,  89                                               ^M 

growth  of,   417 

sympathetic.        See       Sympathetio  H 

structture  of,   ib. 

ner\e.                                                    ■ 

Nasal  cavities  in  relation  to  smell,  841 

terminations  of,  95                                ^H 

et  seq. 

central,  ib,                                          ^H 

Native    albumins,  106 

in  cells,  ib,                                        ^H 

Near  point,   684 

in  corpuscles  of  Golgi,  100              ^M 

Nerve-centre.   533.      See    Cerebellum, 

in  oorpufloles  of  Grandry,  101         ^M 

Cerebrum,  et€. 

in  corpuscles  of  Herbst,  98              ^H 

1           ano'gpinal.  554 

in  end  bid bs.  ib,                                  ^M 

automatic  action,  570 

in  motor  ial  end -plates,  88               ^H 

cardio  iuhibitoiy,  i&. 

in  networks  or  plexuses,  t&.            ^1 

cilio-sriinal.  570 

in  Pacinian  corpuscles.  97               ^1 

deglutition,  569 

in  touch -corpuscles.  99                     ^H 

diabetic,  571 

trophic.  620                                            ^1 

erection.  555 

varieties  of.  89,   531                       ^^H 

gen  i  to -urinary,   ^, 

velocit>'  of  nerve  force.  532          ^^^H 

mastication,  569 

Nervous  force,  velocity  of,  ib,        ^^^M 

micturition,  554 

Nervous  system,  530                          ^^^H 

muscular  co-ordination,  611 

cerebro-spinai.   532                          ^^^H 

rejection  in,  5Ji3 

development,  774                            ^^^H 

laws  and  conditions  of,  584 

sympathetic.  621                            ^^^H 

respiratory.  270 

Neural  canal.  742                                 ^^^1 

secretion  of  saliva,  299 

Neureufertc  canal.  746                      ^^^| 

'          sweat.  671 

Neiu-i lemma.  90                                 ^^^^M 

I          Taeo- motor,  233 

Neurin,  347                                         ^^H 

'          vesicoHpiual  554 

1 

Neuroglia,  538                                   ^^H 

^^H                  ^^^^^V                       ^^^^^^^^^^^H 

^^H        Nitrogen.   114 

Osteobla^,  50                        ^^^^H 

^^^H            in  rebtion  to  food,  2$5  ei  seq. 

Ohtetx-la^ts,  68                                    ^^^M 

^^^^r         Nitrogenous  compounds^  285 

Ot4ROuia,  or  Otoliths,  651              ^^H 

^H                   nonnitrogeQous  compounds,  288 

Ovaries,  712                                       ^^H 

^K               NitrogeDous  equilibrium,  ^WS 

Graahan  vesicles  In,  718              ^^H 

^B               Nitrogenous  food,  effects  of.  503 

Ovisacs,  ib.                                              ^M 

^H               No<lal  point,  678 

Oirum,  ib.                                                H 

^H               Nodes  of  Ranvier,  29 

action  of  seminal  fluid  on*  785  «tf  «0|w^| 

^m              Nose.     See  SmeU. 

changes  of,  in  ovary,  784                    H 

^H                  development  of,  781 

previous  to  formation  of  embrrot^ 

^H               Notochord^  742 

tb. 

^H                Nuriein,   111 

subsequent  to  cleavage.  788  H  H^^^J 

^M               Nucleoli.  2 

in  uterus,  734  ei  s«g.                   ^^^H 
leaving  of  yolk.  796                      ^^^H 

^m^         Nucleus,  2,  11  et  9eq. 

^^^^L           division,  13 

connection  of  with  utema.  7114    ^^^H 

^^^^H          position, 

discharge  of  from  ovary,  ib               ^H 

^^^^^            staining  of,  t6. 

formation  of,  715                                   ^^ 

^H                  structure,  12 

germinal  vesicle    and    spot  oi^   711 

^H              Nutrition,  4^ 

et  iwq.                                                     ^^ 

^H               Nymphfie,  718 

impregnation  nf,  735                           ^H 

structure  of.  714                                   ^H 

^H              Opontohlasts,  76 

unimprc^gnated.  734                             ^H 

^»^          Odors,  644 

Oviduct,  or  Fallopian  tube,  71(1     ^^^B 

^^^^L            cauflea  of,  641  ff  seg. 

Oxaturic  acid,  400                           ^^^M 

^^^m            different  kinds  of.  644 

Oxygen,  102                                       ^^^M 

^^^^B           perception  of.  ib. 

^^^^H 

^^^^H               vanes  in  diUerent  claaseB,  ib. 

Pacinian  bodies  or  corpuscles,  97,  88^^! 

^^^^B            relutiou  to  ta«te.  639 

Pain,  i}ii5                                           j^^l 

^^r               Oleaginous  principles,  digestion  of.  HI 

Pancreas.  334                                       ^^^^M 

^H                Oleic  acid.  Ill 

development  of,  783                      ^^^^H 

^m               01fact«>r>'  cells.  643 

functions  of,  HSl  et  »eq.             ^^^^H 

^^^             centre,  fil4 

'  structure.  S:U                               ^^^1 

^^^■L            nerve,   ib. 

Pancreatic  fluid,  2186                       ^^^H 

^^^H               sulijective  senfiatioDB  of,  645 

Papillie.                                             ^^^M 

^^^         Olivar^^  \Kfdy,  565 

of  the  kidney.  882                          ^^^B 

^^r                   fasciculus,  Hk 

of  skin,  distribution  af^  413             ^H 

^^^_^         Omphalomesenteric 

of  tongue.  3^4                                      ^M 

^^^^H            arteries,  768 

P^uaglobulin,  108.  123                             H 

^^^^r             duct,  746 

Far  vagum.    See  Pneumogastric  Da|^| 

^                   TeiDS,  770 

P^raplasma,  0                                 ^B^^l 

^H                Oncogi^ph,  41)4 

Paraglobulin.  108                              ^^^1 

^H                Oneotuet'er,  ib. 

Partiai  pressure,  14S                         ^^^B 

^H               Ophthalmoscopy,  698 

Pamrid  gland,  saliva  from.  S96             ^M 

^H               Optic 

^m_                 centres.  612 

nerves  intiueuciug  aecreiiaii  bjr.  89!^^ 
Pars  ciliaris  retina?,  676 

^^^^            lobes,  corpora  quadrigemina,  homo- 
^^^h                  loguee  of,  620 

PateUar  t^flex,  51                                       ^J 

Pai-y's  method,  801                                ^H 

^^^^1              functions  of.  ib. 

Pelvis  of  the  kidney,  889                _^ 

^^^^B            nerve,  decusnation  of,  612 

Penis.  723                                           ^^H 

^^^^P            thalamus,  function  of,  5dl,  615 

structure,  ib.                                ^^^B 

^^^^             vesicle,  pritnary,  776 

Pepsin,  816                                          ^^^B 

^H                        HCi^ondarv.   ib. 

Pepsinogen.  814                                ^^^B 

^H                Optical  angle,  680 

Peptic  cells,  818                                ^^^B 

^H                  spjiaratUH  of  eye,  677 

Peptones,  109                                       ^^^1 

^H                Optogram,  695 

Perceptions.  630                                ^^^H 

^B               Oni  serrata  of  retina,  671 

Perfusion  canuLa,  299                  '   ^^^^H 

^m               Organ  of  Corti.  6.^ 

Pericardium,  159                               ^^^^^^ 

^H               Organic  compounds  in  body,  108 

Perilj-mph,   or  fluid  of  labyriatH  of     ' 

^H                 ,  instability  of,  t^. 

ear,  649 

^H               Organic  of  sense,  development  of,  778 

Peripheral  resistance,  199;  tl9 

^M               Os  uteri.  718 

PeriBtaUtc    movemctitB  of   livlailtefl^ 

^m              0«eous  labvrintlu  640 

3.17                                               ^^M 

^m               Onicles  of  the  ear.  647 

of  stomach.  820                              ^^^^| 

^1               Owlfication,  59  et  «eg. 

Permanent  teeth.    See  TeeiJi*        ^^^B 

^^^^^^^^^^^^^^r         lifDEX.                 ^^^^^^            819           ^M 

Perspiration,  CHtaiieouB.  417 

Primitive  groove,  740                                         ^H 
streak,  w.                                                           ^H 

iiii*ensible  and  Bensible.  ib. 

orJinao'  constituents  of»  ib. 

Primitive  nerve-sbeath,  or  Schwann's            ^H 

Pettenkofer's  te«t.  34« 

sheath.  90                                                          ^H 

Peyer's  glands.  329 

Pro-nucleus,  female,  736                                    ^H 

patches,  ib. 

male,  ib.                                                           ^^M 

structure  of,  380 

Propionic  acid,  U3                                            ^H 

Pflftger's  law,  449 

Prosencephalon,  776                                          ^H 

Phagocytoeia.    134 
Phakoecope,  083 

Prostate  gland,  724                                            ^M 
Proteids,  103                                                          ^M 

Pharynx,  lim 

chemical  properties.  103  ef  seg.                     ^H 

action  of  in  swallowing,  ib. 

physical  properties,  ib.                             ^^^H 

influence  of  gl<j880* pharyngeal  nerve 

tests  for,  0}.                                              ^^^M 

on.  to. 

varieties  of,  ib,                                        ^^^^H 

of  pneumogastric  nerve  on.  ib. 

ProtCi^es.   109,  318                                          ^^^H 

Phenol,  U4,  337 

Proto-i^lbumose,  318                                     ^^^H 

Pheoomena  of  life.  1 

Prot43plasm,  1                                                   ^^^^H 

Phu=.phates,    115 

chemical  characters,  3                              ^^^H 

Phu^pliates,   estimation   of   in   urine, 

movement,  4                                                '^^^^1 

HU 

physical  characters,  3  et  am.                  ^^^H 
physiological  dmracters,  la                   ^^^H 

Pho?*phoras  in  the  human  body,  ib. 

Phrenograph,  264 

reproduction,  8                                            ^^^^H 

Pigment  cells  of  retina,  676 

structure  of  cells,  9                                  ^^^H 

Pineal  gland,  4«6 

Protopla^ma.  ib.                                             ^^^^| 

Piotrowaki's  react ion»  104 

ProtO'Vertebni.\  744                                       ^^^^M 

Pituitar>^  body,  4S« 

Pseudoscope,  711                                           ^^^^B 

development,  759 

PSeudo^tomata,  30                                      ^^^H 

Placenta.  752 

Ptyalin,  296                                                  ^^^H 

foetal  and  maternal,  ib. 

action  of,  ib.                                            ^^^H 

Plasma  of  blood.  137 

Puberty,                                                          ^^H 

8a1t8  of,  13» 

changes  at  period  of,  728                          ^^^H 

Plasm  ine,  122 

indicated  by  menstruation,  Uk                 ^^^H 

composition,  ib. 

Pubnonary  arterj-,  valves  of  heart,  166            ^H 

nature  of,  ib 

Pulse,  ^rterial.  192  et  seq.                                  ^M 
Purkinje's  flgures,  691                                         ^H 

Pletlivsmograph,  239 

Pleyra.  245 

P>-ramidal  tracts.  648  ^f  Beq,                              ^M 

Pknirt*  peritoneal  cavity,  743 

Pyramids  of  medulla  oblongata,  668         ^^^M 

Ph'xua. 

^^^^^H 

terminal.  lOt 

QUANTtTY  of  air  breathed.  256                   ^^^H 

Pncumogastric  nerve,  683 

hlo<^.  nBet»eq.                                      ^^H 

distribution  of,  ib. 

saliva,  296                                                  ^^H 

influence  on 

^^H 

action  of  heart.  226 

Rami  viacerales,  638                                   ^^^H 

deglutition,  684 

efferentes.  ib.                                             ^^^^M 

pastrie  digestion,  ib. 
larynx,  tfe. 

communicants,  ib,                                ^^^^1 

Recurrent  sensibilitv,  546                           ^^^^H 

lungs,  ib. 

Reflex  actions,  533  '                                       ^^^H 

cBoophaguB,  ib. 

augmentation,  535                                    ^^^H 

phatynx,  584 

conditions  necessary  to,  634                   ^^^H 

neeptration.  271 

cutaneous,  651                                             ^^^H 

mixed  function  of,  584 

inhibition  of,  636                                    ^^^M 

origin  from  medulla  oblongata,  688 

irreguUr  in  disease,  668                         ^^^H 

Pneumograph.  24 

laws  of,  634                                               ^^H 

Polar  cell  7:M 

morbid,  658                                              ^^^H 

Pons  Varolii,  ito  structure,  587 

muscle,  551                                                  ^^^^H 

functions,  ib. 

of  medulla  obloogatft,  668  €l  S09.            ^^^M 

Portal  blood,    -Sec  Liver. 

of  spinal  cord,  550                                    ^^^H 

Potassium ,   IIB 

purposive  in  health,  688                          ^^^H 

sulphocyanate»  296 

Refracting  media  of  eve,  678                     ^^^H 

Pregnancy,    abwsnoe  of  menfftniAtion 

Refraction,   laws  of,   iih                              ^^^H 

during,  7$6  ef  Jttl. 
corpus  luteuni  of,  799 

Regions  of  bodv.     See  Frontispieee.           ^^^H 

Relations  of  dlffersnt  parts  of  brain,       ^^H 

Presbyopia,  090 

656                                                               H 

Preaaor  nerves,  SS4 

Remak,  t                                                      ^^^H 

^ail 

^m                            ^^^^^^                             ^^^^^^^^^^^^^B 

^^H             Kt^'Tiuik's  ganglia,  233 

Ret  i  n  rt  ^ra  n  t  i  n  nm^^^^                 ^^^^M 

^B               Keunin,   dU),  838,  799 

reciprocal  actiim  of  parts  of,  "^H^^^H 

^K              Ketiiii8itt*s  uf  diet,  506 

in   relation   to  direction  of   TiifM^^^I 

^H              RestTvo  air,  25<5 

691                                                       V 

^H              H*>iiicluMl  air,  /7). 

to  motion  of  Ixxlies,  699                     ^B 

^H              Re^itimtion.  239 

to  single  vision,  7o5                            ^B 

^^^^           filxUmiinal  ty]ie,  252 

to  size  of  tie  Id  of  vision.  UW      ^^^B 

^^^^L          chtiDges  of  air,  259 
^^^B              of  btoixl,  264 

structure  of.  671                                 ^^^H 

visual  pur|>le,  095                            ^^^^H 

^^^^H              of  the  tissues,  2&5 

Rheo^cnpif*  frog,  446                            ^^^^| 

^^^H         eo8tal  typt?,  252 

Rhineurephjilun.  776                            ^^^^| 

^^^^H 

Higor  mortis,  44U                                 ^^^B 

^^^^H           frequency, 

afft'cta  all  clax«>u^s  of  mui^rk^.  440  ^^^H 

^^^H          inliuence  of  nervous  aystem,  369 

phenomena  and  causes  of,   ih.        ^^^H 

^^^^H          mecliaui»m,  240  t'f  sey. 

Ritter^s  tetatnus,  450                             ^^H 

^^^H          tiiovenients,  249 

Bodn  and  c(me&,  674                             ^^^B 

^^^^H          Dietliixls  of  rt^cording,  233 

Rolandic  area,  6(»4                               ^^^B 

^^^^B          nitrogen  in  relation  thereto,  263 

Rotatory  movements,  620                  ^^^H 

^^^H          organic  niatter  excreted,  263 

Running.  mtM^hanism  of,  446           ^^^H 

^^^^H          qnaiitity  of  air  rhaoged,  256 

Rut  or  heat.  725                                   ^^^B 

^^^^^^_^  rein t ion  tci  the  pulae.  257 

^^^^H 

^^^^^H  euspeijHion  and  arrest  291  et  aeq. 

Saccharine  principles  of  food,  dl^es- 

^^^^^^^  t\\iL'H  of,  252 

tiim  of.  2SH 

^             Respinitnry  acts,  special,  266 

Saccharoses,  112                                          ^B 

^^fc^^           aplKirsitiis.  239 

Saccului4,  651                                               ^B 

^^^^L          capacity  of  chest,  257 

Saliva.  295                                            ^^M 

composition,  ib.                             ^^^B 

^^^^H          movements,  249 

process  of  secretion,  301                  ^^^H 

^^^H             axes  of  rotation,  250  d  acq. 

cpiantity.  296                                       ^^^B 

^^^H              of  giutlis.  255 

rate  of  secretion,  ib.                        ^^^H 

^^^H             influence  on  amount  of  carboaic 

uses,  ib,                                             ^^^B 

^^^H                 acid.  260 

Salivary  glands.  292                           ^^H 

^^^H             on  arterial  teii^iou.  275  et  $eq* 

development  of,  783                          ^^^H 

^^H          rate,  257 

intiueuce  of  nervous  syBtenii,  ^^^^^H 

^^^H             relation  to  puLse  rate,  £&. 

mixed,  294                                           ^^^H 

^^^^B             size  of  animal,  Hk 

nerves,   ib.                                           ^^^^| 

^^^H         relation  to  will.  2m  et  seq 

Bei;ri't  ion.  295                                     ^^^B 

^^^^B          various  luechaniHrn,  266 

structure.  292                                      ^^^M 

^^^^H          muiicle!^,  2411  t*/  neq. 

true.  293                                            ^^M 

^^^^H              daily  work.   258 

Tarietie^,  ib.                                   ^^^B 

^^^^H                          of^  ib. 

Sanson* B  images,  688                         ^^^B 

^^^^H         nerre-ceotre,  269 

Sap«mi  Heat  ion.  638                             ^^^^| 

^^^^P         rhythm.  255 

Sarctxie.  2,     Srr  ProtOplasDI,             ^^^B 

^^^^           ftouuds.  il\ 

Sarcosin.  473,  7mi                                ^^H 

^H              R«^tiform  btxiiefi,  565  et  »eq. 

Scheiuer's  experiment,  684               ^^^^| 

^H              Retiform  or  adenoid,  or  lymphoid  tis- 

Schematic  eye.  6H0                                ^^H 

^H                     sue.  44 

Kchitr'H  t4^t,  H98                                     ^^H 

^H             Reticulum,  9 

Schueiderian  membrane,  641            ^^^H 

^H              Retinn,  671 

Sclerf>tic,  664                                          ^^M 

^^k                blind  sfK^t  691 

Sebaceous  glands,  414                         ^^^H 

^^^^L          bkxKi' vessels,  676 

their  secretion,  417                           ^^^H 

^^^H          duration  of  impression  on,  692 

Secreting  glmidt^.  453,  458                 ^^^B 

^^^^H              of  after-sensations,  ib. 

aggrt^gnted.   ib,                                    ^^^B 

^^^H          excitation  of,  691 

convrauted  tubular,  ib.                   ^^^B 

^^^^^^  foc^al  dit^tance  of,  68X 

tubular  or  simple,   (b,                      ^^^H 

^^^^^BB  fovea  centralis.  671 

Secntiug    membranes.      Sec    MttOOtai^^B 

^^^^^VP  functions  of,  691 

and  Serous  membranea,                              ™ 

^^^B         image  on,   how  formed   diatiiictly. 

Secretion,  453 

^^^H             inversion  of,  bow  corrected.  696 

apparatus  necessary  for.  4tSB  H  4fl|. 
ctianges  in  gland  cells  diirtag.  4m 

^^^H          iusenKihle  at  entrance  of  optic  nerre, 

circumstances  influencing,  4ii1     , 

^^H 

discharge  of,  ib.                                ^^^H 

^^^^H          layern.   671 

inHuence  of  nerroua  e^itaii,  4i|^^^H 

^^^^B          in  quadrupeds,  708 

urine,  406                                      ^^^^H 
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S«»cretion — continued. 

process  of  physical  and  chemical, 
460 
Segmentation  of  cells,  736 

in  chick,  787 

ovum,  ib. 
Somen,  731 

composition  of,  783 

filaments  or  spermatozoa,  781 

tubes,  720 
Semicircular  canals  of  ear,  650 

development  of,  781  et  aeq. 

use  of,  659 
Semilunar  valves.     See  Heart  valves. 
Semilunes  of  Heidenhain,  294. 
Sensation,  628 

color,  702 

common,  628 

conditions  necessanr  to,  tb. 

excited  by  mind,  to. 
by  internal  causes,  ib. 

of  motion,  636 

nerves  of,  546 

of  pain,  635 

of  pressure,  631 

special,  629 
nerves  of,  571 

stimuli  of,  531 
of  special,  ib. 

subjective,    632.    See    also   Special 
Senses. 

tactile,  631 

temperature,  684 

tickling,  628 

touch,  631 

of  weight,  636 
Senses,  special,  628 

organs  of,  development  of,  778 
Sensorium.  629 

Sensory  centres  in  cerebral  cortex,  612 
Sensory    impressions,    conduction  of, 
548 

by  spinal  cord,  ib. 

in  brain,  606 

nerves,  548 
Serine,  139 
Serous  membranes,  454 

arrangement  of,  ib. 

communication  of  lymphatics  with, 
454 

fluid  secreted  by,  ib. 

functions,  ib. 

lining  joints,  etc. ,  454  et  aeq. 
visceral  cavities,  ib. 

structure  of,  464 
Serum, 

of  blood,  139 

albumin,  106 

separation  of,  139 
Seventh  cerebral  nerve.  .  See  Cerebral 

nerves. 
Sexual   organs  and    functions  in  the 
female,  712     . 

in  the  male,  718 


Sighing,  mechanism  of,  267 

Sight,  663.    See  Vision. 

Silica,  parts  in  which  foimd,  116 

Silicon,  ib. 

Sinuses  of  dura  mater,  217  et  seq. 

of  Valsalva,  167 
Sixth  cerebral  nerve,  579 
Size  of  field  of  vision,  698 
Skatol,  337 

Skeleton.     See  Frontispiece. 
Skin.  410 

absorption  by,  379 
of  metallic  substances,  ib. 
of  water,  ib. , 

cutis  vera  of,  412 

epidermis  of,  410 

evaporation  from,  493 

excretion  by,  417 

exhalation  of  carbonic  acid   from, 
419 
of  watery  vapor  from,  ib. 
functions  of,  417 

papillae  of,  412 

perspiration  of,  417 

rete  mucosum  of,  410 

sebaceous  glands  of,  414 

structure  of,  ib. 

sudoriferous  glands  of,  413 
Sleep.  610 

Small  intestine.  326 
Smell,  sense  of,  641 

conditions  of,  ib. 

different  kinds  of  odors,  644 

impaired  by  lesion  of  facial  nerve, 
581 

Impaired  by  lesion  of  fifth  nerve,  578 

internal  excitants  of,  645 

limited  to  olfactory  region,  641 

structure  of  organ  of,  ib. 

subjective  sensations,  644 

varies  in  different  animals,  ib. 
Sneezing,  centre,  570 

mechanism  of,  268 
SniflSng,  mechanism,  of,  268 

smell  aided  by,  642 
Soaps,  794 
Sobbing,  269 
Sodium,  115 

Solitary  glands.     See  Peyer's. 
Soluble  ferments,  855 
Somatopleure,  748 
Somnambulism,  611 
Sonorous   vibrations,  how   communi- 
cated in  ear,  654  et  aeq. 

in  air  and  in  water,  ib.    See  Sound. 
Sound, 

binaural  sensations,  662 

conduction  of  by  ear,  654 

heart.  181 

movements  and  sensations  produced 
by,  663 

perception, 
of  direction  of,  661 
of  distance  of,  662 


^H                         ^^^^^^                          ^^^^^^^^^^^^^1 

^^m             Himnd—continued, 

Spleen— CO// f  o^  r/^it^^^^^^^^^^^^H 

^H                 permanence  of  sensation  of,  ib. 

et  tteq.                        ^^^^^^^| 

^H                 pnDdiietion  of,  661 

stroma  of,  ib,                            ^^^^^^^1 

^H                 gubJtH^tive,  663 

structure  of*  t&.                                 ^^^H 

^H             Bource  of  water,  114 

trabeculsB  of,  477  eC  aeg.                ^^^H 

^H             Spaces  of  Fontana.  670 

Spongioplasm,  9                                  ^^^H 

^^^^^       Spasms,  reflex  acts,  564 

S^Hjntaneoiis  movement,  4                ^^^H 

^^^K          centre,  571 

Spot,  germinal,  715                            ^^^^H 

^^^B      Speaking,  268 

Stanuius*  experiments.  233              ^^^H 

^^^^           mechanism  of.  527 

Stapes,  648                                           ^^H 

^H             Special  den^esp  631 

Starch,  17                                             ^^M 

^m             Speech,  527 

dig<^tion  of,  in  mouth,  W^          ^^^H 

^■^            Spennatoz^m.  development  of*  731 

Starvation,  501  et  aeq.                        ^^^M 

^^^^^           form  and  stnictnre  of,  ib. 

Steapain,  839                                         ^^^M 

^^^^K          fuuctlou  of.  735 

Stearic  acid.  Ill                                 ^^H 

^^^^f          motioti  of,  731 

Stearin,  Ht,                                          ^^^H 

^^^^^       Sphericai  aberration,  688 

Stercorin.  551                                       ^^^H 

^^m                 correction  of,  tb. 

allied  to  cholesterin,  ib,                ^^^H 

^H             Sphincter  ani.     See  Defecation. 

Sterf^MCope,  700                                    ^^^H 

^H[                  vesicle,  390 

Stetho^raph,  354                                   ^^^H 

^H             Sphygmograph,  W% 

Stethoim*ter.  ib,                                    ^^^^B 

^H                  tracin^M.  303  et  aeq. 

Stimuli,  protoplasmic,  6                          ^H 

^H              Sphygmonieter,  204 

St.  Jklartin,  Alexis,  case  of,  815        ^^M 

^H             Spinal  accessory  nerre,  566 

Stomach,  310                                        ^^H 

^^»^        Spinal  cord,  537 

blood-vessels,  814                              ^^H 

^^^K          automatism,  535 

development.  783  et  $eq.                 ^^^M 

^^^^H          canal  of,  537 

digestion  in,  317                              ^^^^| 

^^^H          c^tres  in.  553 

circumstances  favoring,  SlU     ^^^H 

^^^H          a  collection  of  nerrous  centres,  xb. 

products  of.  318                            ^^H 

^^^H         columns  of,  538 

diji^estion  after  deaths  328              ^^^H 

j^laiids,  312                                       ^^^M 

^^^^B         oonduction  of    impressions   by,  546 

ymphatics,  314                                 ^^^^1 

^^^^H             et  Beq. 

niovemi^uts,  320                                         ^H 

^^^^m         course  of  fibres  in,  543 

influence  of  nervous  ^yvlein,  9S^^_^M 

^^^^H         development  of.  775 

mucous  membrane,  311                  ^^^^M 

^^^^B         fisBures  and  furrows  of,  537 

muBcular  coat,  311                            ^^^^| 

^^^^H          functioni4  of.  546 

nerves.  814                                           ^^^B 

^^^^H              of  coiumna,  543 

secretion  of      See  Gastric  fluid.         ^H 

^^^^H          influence  on  lymph -hearts,  555 

structure.  310                                     _^^^H 

^^^H              on  sphincter  an i,  554 

temfierature,  319                               ^^^H 

^^^^H              on  tone,  565 

Stonmta,  29                                            ^^^H 

^^H*        morbid  irritability  of,  558 

Stratum  iDtermedium  (Haiiiiofiif)^  Tl^H 

^^^H          nerves  of,  544 

Striated  muHcle.     See  Muscle.                 ^M 

^^^^H         reflex  action  of,  550 

Stromatibrin.  121                                        ^H 

^^^^H             in  In  hit  ion  of,  552 

Stromuhr.  214                                               ^M 

^^^^^^H  sj^eciat  centres  in,  553 

Stnu'ture  of  cells,  9                               ^^^H 

^^^^^^B  structure  of.  537  et  aeq. 

Submaxillary  gland,  2H  et  seg.        ^^^H 

^^^^^  tracti^,  M^ 

8ul>8tantia  nigra,  ^9                          ^^^H 

^^^m      weiffiit  598 

^^^H             relttttve.  ib. 

Snccus  eutericus,  352                           ^^^^M 

functions  of.  352                                ^^^H 

^^^H          white  matter.  537 

Sucking,  mechanism  oi,  tOU            ^^^H 

^^^P              gray  luatter.  540 

centre.  570                                           ^^^H 

^^^^        Spinal  nerves,  544 

Sudoriferous  glands.     8^  Skin.       ^^^M 
Sugar.     See  tilucose.                            ^^^H 

^■^                 origin  of,  544  et  »eq. 

^H                  pliyrtiology  of.  546 

estimation  of,  801  ef  uq.                ^^^1 

^H^              Sptmlle,    15 

Snlphatefi.  116                                        ^^^1 

^^^^^       Spircm.   14 

in  tissues,  ib,                                  ^^^M 

^^^H      Spirometer.  256 

in  urine,  400                                    ^^^^H 

^^^H      Splanclinopleure,  748 

Sulphuretted  hydrogetu  Wi             ^^^H 

^^^H      Spleen. 

Suf»erior  lari  ngeal  nerve.  971          ^^^H 

^^^^B          functions. 

Bnpnirenal  ca(>«^ules.  4M                    ^^^^1 

^^^H         hilus  of.  477 

dHveliiprnHni  4if»  787                          ^^^^H 

^^^H         inHuence  of  nervouH  system,  480 

disi'aHi<  of,  n^lation   to  «lh»00loisllai.^| 

^^^H         Malpighian  coi-pnscles  of,  478 

olskin.  486                                    ^^H 

F^A. 

_| 

!■■ 

IKDEX.                        ^^^^^~               8^^ 

Suprarenal  eapsule»— ocm^inu^. 

Tensor  tympani  musclep  648               ^h 

Htructure,  4M 

office  of,  ib.                                         ^H 

Swallowing,  3(H» 

Testicle,  719                                       _^^H 

centre,  810 

development.  788                         ^^^^M 

nerves  engaged,  ib. 

descent  of,  ib.                                ^^^^M 

Swejit,  417 

structure  of,  719  et  ieq,             ^^^H 

SymiMithetic  nerrouB  system,  621 

TetanuH,  434                                        ^^^H 

distribution,  ib. 

Tbalamencephalon,  776                    ^^^H 

divisions  of,  tfe. 

Thalami  optiei,  function  of,  615         ^H 

fibres,  differences   of   from  cerebro- 

Thermogenesis. 491  rt  seq.                     ^^ 

spinal  fibres.  624 

Thermogenic  nerves  and  nerve* centrei^ 

functions,  624  et  neq. 

496                                                         ^ 

ganglia  of.  628 

Thirst,  628                                                 ^1 

action  of»  624  et  «eq. 

Thoracic  duct,  368                          ^^^1 

structure.  62S 

Tbymu8  gland,  480                         ^^^H 

in  substance  of  organs,  621 

function  of.  482                             ^^^^| 

heart.  226 

structure.  4HI                                 ^^^H 

structure  of.  62G 

Thyro-ar\'tenoid  nmscles,  518              ^H 

Synovial  fluid,  secretion  of,  455 

Thyroid-glaod,  483                           ^^H 

menabranes.  454 

function  of,  484                            ^^^H 

Systemic  circulation,    See  Circulation. 

structure.  483                                ^^^H 

vesaelA,  ib. 

Timbre  of  voice,  524                      ^^^^| 

Systole  of  heart,  176 

Tone  of  blood,  vessels,  233              ^^^M 

1 

of  muscles,  555                             ^^^H 

Table  of  diet,  507 

of  voice.  524                               « ^^^^| 

TaMe.  mi^ 

Tongue,  303                                         ^^H 

after  tastes,  640 

action  of  in  deglutition.  300             ^H 

centre,  614 

epithelium  of,  305                                ^H 

comUtions  for  nerception  of,  638 
connection  with  smell,  63t> 

papillR'  of.  304                                        ■ 

fiarts  most  sensitive  to  taste,  639      H 

impaired  by  injury 

structure  of,  303                                     H 

of  facial  nt^rve.  '580 

Tonic  centres.  571                             ^^^H 

of  ftftb  nerve,  588 

Tonometer.  230                                 ^^^M 

nerves  of.  ib. 

TonsilH.  307                                      ^^H 

seat  of.  fi38 

Touch,  631                                           ^^B 

subjective  sensations,  640 

after  Hanmition,  634                              ■ 

varieties,  f>39 

conditions  for  perfection  of,  631        ^" 

Taste-p)blet8,  306 

connection  of  with  muscular  sense^ 

Taurin.  :M5 

636 

Taurocholic  acid,  t&. 

co-oiieratitm  of  mind  with,  637         ^M 
hand  im  organ  of.  632                        ^M 

Teetli.  67 

development,  74 

illusions,  nm                                        H 

eruption,  times  of.  68 

miKlifications  of,  681                          ^H 

structure  of.  70  ei  seq. 

special  organs.  632                               ^H 

temp«>rary  and  iiermanent,  68  et 

«e3. 

subjective  sensations,  634                  ^M 

Tepmentmu.  588 

the  tf:»n gue  an  organ  of,  638               ^^ 

Temperature,  488 

various  degrees  of  in  different  parts^ 

average  of  body.  ib. 

632                                                          J 

changej^  of,  effects  of.  488  et  seq. 

Touch  corpuflclee,  632                            ^M 

circumstances  modifying.  492 

Trachea,  242                                             ■ 

of  cold-blwHled    and  warm -blooded 

Tracts  in  the  spinal  cord.  543               ^H 

an i  maid,  489 

Tmube-Hering's  curves,  280                 ^^ 

in  disease,  ib. 

Tricuspid  valve,  165                                ^M 

\om  of,  492 

Trigeminal  or  fifth  nerve,  574             ^M 

maintenance  of,  490 

Trorrmier's  test,  297                         ^^^^t 

of  Mammalia,  Birds!,  etc.,  489 

Trophic  nerves.  578                          ^^^H 

regulation  of,  492 

Tripsin.  336                                       ^I^H 

sensation  of  variation  of,  634, 

See 

TulJCH.  Fadopian.     See  Fallopian  tubes. 

Heat. 

Tubuli  seminiferi,   720 

Temporo-maxillary  fibro- cartilage. 

291 

uniferi,  382  et  siq.                               ^M 

Tendon- reflex,  551 

Tunica  albuginea  of  testicle,  716         ^M 

Tension,  arterial.  191 

Tympanum  or  middle  ear,  647              ^H 

of  gasea  in  brngs,  264 

'development  of,   781                             ^M 

Tensor  choroideffi?,  68iJ 

J 

■ 

functions  of.  656                          ^^^^M 

^m                          ^^^^HP                           ^^m^^^^^^^^^H 

^K              TymiiaDiHo  or  middle  e^T—<ofitinued. 

Uririe— coi*/mut*d.                       ^^^^^H 

^H                  iiiembraue  of.  Ml 

reaction  of.  :$91                               ^^^^H 

^H                  fcitrycture  of,  i7>. 

in  ditTerent  animaln.  ib.             ^^^H 

^H                  line  of  air  in,  655 

maiJe  alkaline  by  diet,  891         ^^^1 

^H              Tyjx'B  of  renpiration,  049 

saline  matter,  400                           ^^^M 

^H             T^TOsin,  387 

secretion.  403                                     ^^^^H 

rate  of.  ib.                                   ^^^M 

^m            Ulceration  of  parts  atteading  inju- 

solidH.  2W2                                        ^^H 

^m                 ries  of  nerree,  578 

variations  of,  ib.                         ^^^^M 

^H              Uiubilical  arterieB,  773 

six^citic  K^avity  of.  893                  ^^^H 

^H                  cord.   (*&. 

variations  of,  ib.                         ^^^^M 

^H                  ^reside,  746 

urates.                                                    ^^^H 

^B              UDicellular  ort^raniams,  1 

urt*a.  3U3                                              ^^H 

^H              Unorganized  fenneats.  317 

uric  acid  in,  396                           .....^^^1 

^H              UnHtriried  muscular  tibre,  79 
^H                   de\  elopmt^nt,  HU 

variations  of  s:)ecific  gravity.  ^lM^^^| 
of  wati*r.  a9i                                 ^^^H 

^H                 diHtrilmtion.  79 

Urobilin,  '^m                                      ^^H 

^H                   etructitro,   ib. 

Ur^>chromt^  ib,                                    ^^^^M 

^M              Uratt'  of  ammonium.  397 

Uroerythrin,  899                                  ^^^M 

^H                 of  so<Iiinn,  ib. 

UroiuHlanin,  ib,                                  ^^^^M 

H               Urea.  i¥M 

Uterus,  717                                             ^^H 

^m                apparatuB  for  estimaliog  quantity, 

change    of    mucous   membreat  oC^H 
752  et  iteq.                                               ■ 

^m                 chemical  conipoeitiou  of,  303 

develonment  of  in  preirnanfrj.  tftt.         ^M 
follicular  >;tands  of.   752                         ^H 

^H                  idt'utieal   with    cvanate    of   ommo- 

^M                     uium,  ib.,  395 

structure.  717                                   ^^^H 

^m                properties,  394 

^^^^1 

^H                  quaotity.  392 

Vagina,  structure  of.  718                   ^^^H 

^m                 in    rt-lation    to   muscular    exertion. 

Vagus  nerve.     See  PDeumof^aMrie. 

H                      4TA 

Valves  of  heart.  Wy.  St^  Heart  rmlTUL   ^ 

^m                aourcea.  471 

Valvulee  conniventes,  327                          ^M 

■             Ureter.  889 

Vns  deferens,  719                                    ^_^M 

■             Uric  aeiil  396 

Vasa  etTerentia  of  testicle.  730.  788  ^^^M 

^H                 condition    in    which    it    exists    in 

recta  of  testicle,  ib.                          ^^^H 

^B                       urine,  397 

Vascular  area,  763                                 ^^^^| 

^H                  forms  in  which  it  is  deixitjited.  396 

Vascular  Kl^uds.  476                           ^^^H 

^H                  proportionate  quaulitj  of.  397 

in  relation  U)  blood.  487                  ^^^^| 

^B                   source  of,  397 

several  offices,  of,  ib.                               ^H 

V                   te«t^,  397 

Vas«;ular  system,  development  oC  ^S-^H 

Tariations  in  quantity.  397 

Va8o-c<mstrictor  nerves.  996              ^^^H 

Urina  Hang^iinis,  potiis^  et  cibi,  808 

Vaso  dilator  nerves,  ib.                       ^^^^M 

Urinary  bladder,  31>U 

Vasii motor  nerves.  383                      ^^^H 

de ve  lo p men  t,  789 

elTc><  t  of  section,  288  el  Meq.        ^^^^M 

nervw,  390 

influence  upon  blood -preasum.  ^i^^^H 

Rtructure,  890 

Vaao  nioti3r  nerve- centres,  ib.,  988^^^H 

Urinary  fermenta,  391 

reHection.  23r>                                    ^^H 

Uriue.  390 

Ve>;etables  and   animala,  di^ticlioM 

abnormal.  393 

l)etween,  15                                           n 

analy«ia  of,  301 

Veins,  173                                                     ^ 

chemical  comfioeition.  tb. 

circulation  in.  SI 6  et  aeq.                     ^H 

coloring  matter  of.  398 

rate  of,  215                                         ^^^B 

cyst  in  in,  402 

cartlinal,  770                                       ^^^^| 

decomiKKsition  by  mucus,  400 

collateral  circulation  in.  175         ^^^H 

efft'ct  of  blood -pressure  on.  408 

devolopmeut.  770                               ^^^^| 

expylsion,  409 

distribution.  173                                 ^^^H 

extractives,  4<XI 

influence  of  gravitation  &o.  219          ^H 

flow  of  into  bladder,  409 

ywirietal  system  of.  771  et  »eq.         ^^^B 

ffasea.  403 

hippuric  acid  in.  898 

pressure  in,   197                                   ^^^H 
rhythmir-al  action  in.  218               ^^^1 

mucus  in,  400 

strticture  of.   173                                ^^^H 

oxalic  acid  in.  403 

umbilical,  772                                   ^^^^| 

phyBical  characters.  390 

valves  of,   174                                      ^^^H 

pilETTuentB,   39H 

veKwtty  of  bloix)  in.  215                  ^^^1 

quantity  of  chief  constituents,  302 

viscend  syhtt-m  of    771  ft  ao          ^^^H 

INDEX. 
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Velocity  of  bloocl  in  arteries,  218 
in  capillaries,  215 
in  veins,  ib. 
of  circulation,  218 
of  nervous  force,  532 
conditions  modifying,  ib. 
Vena?  hepaticsB  advehentes,  771 

revehentes,  ib. 
Ventricles  of  heart.     See  Heart. 
Vertebrae,  development  of,   757 
Vertebral  plate,  743 
Vesicle,  germinal.  715 
Vesicula  germinativa.  ib. 
Vesiculaa  seminales,  721 

structure,  ib. 
Vibrations,  conveyance  of  to  auditory 

nerve,  655  et  aeq. 
Villi  in  chorion,  751 
in  placenta,  755 
of  intestines,  330 
Visceral  arches,  development  of,  760 
connection  with  cranial  nerves,  762 
laminae  or  plates,  746 
Visceral  plates,  ib. 
Viscero- inhibitory  nerves,  625 

motor,  ib. 
Vision,  663 
angle  of,  680 
at  different  distances,  adaptation  of 

eye  to,  681  et  aeq. 
centre,  612 
corpora  quadrigemina,  the  principal 

nerve-centres  of,  620 
correction  of  aberration,  688  et  seq. 

of  inversion  of  image,  696 
defects  of,  686  et  seq. 
distinctness  of,  how  secured,  681  et 

seq. 
duration  of  sensation  in,  692 
estimation  of  the  form  of  objects, 
700 
of  their  direction,  ib. 
of  their  motion,  701 
of  their  size,  699 
field  of,  size  of,  698 
focal  distance  of,  681 
impaired  by  lesion  of  fifth  nerve, 

578 
influence  of  attention  on,  701 
purple,  695 

single,  with  two  eyes,  705  et  seq. 
Visual  direction,  700 
Vitellin,  109 
ViteUine  duct,  782 


Vitelline  membrane,  714 

spheres,  ib. 
Vitreous  humor,  676     ^ 
Vocal  cords,  515  et  seq. 

action  of  in  respiratory  actions,  522 

approximation  of,  effect  on  height 
of  note,  523 

vibrations  of,  cause  voice,  515 
Voice,  514  et  seq. 
Vomiting,  325 

action  of  stomach  in,  325 

centre,  326 

nei-ve-actions  in,  326,  570 

voluntary  and  acquired,  ib. 
Vowels  and  consonants,  527 
Vulvo- vaginal  or  Duvemey's  glands, 
718 

Walking,  443 

Wallerian  method,  542 

Water,  114 
forms  large  part  of  human  body,  114 

Wave  of  blood  causing  the  pulse,  202 
velocity  of,  ib. 

Wharton's  jelly,  44 

White  corpuscles.     See  Blood-corpus- 
cles, white ;  and  Lymph -corpuscles. 

White  fibro-cartilage.     See  Fibro-car- 
tilage.  white, 
fibrous  tissue,  41 

Willis,  circle  of,  217 

Wolffian  bodies,  786  et  seq. 

Wooldridge,  126 

Work  of  heart,  191 

Xanthin,  475 
Xantho-proteic  reaction,  104 

Yawning,  269 
Yellow  elastic  fibre,  40 
fibro-cartilage,  61 

rt  of  Sommering.  671 
or  vitellus,  715 
chanj^es  of,  in  Fallopian  tube,  736 
cleaving  of,  ib. 

constriction  of,  by  ventral  laminse^ 
746 
Yolk-sac.  746  et  seq. 
Young- He Imholtz  theory,  702 

ZiMMERMANN,  corpuscles  of,  482 
Zona  pellucida,  714 
Zonule  of  Zinn,  676 
Zymogen,  386 


THE  END. 
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